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FOREWORD

The work on fragment drag coefficients contained in this report is part of a continuing effort for the
Department of Defense Explosives Safety Board (DDESB). In addition to testing, the Naval Surface Warfare
Center (NSWC) is tasked with establishing analytical techniques for predicting the hazards from fragments
produced by the inadvertent detonation of ordnznce stacks.

All tests and data reduction for this report were directed by the author while an employee of NSWC. This
documentation was done by the author while an employee of Kilkeary, Scott and Associates, Inc.

The wind tunnel tests and data reduction were conducted by the Aerodynamics Research and Concepts
Assistance Branch, Research Directorate, U.S. Army Chemical Research, Development and Engineering
Center, Aberdeen Proving Ground, Maryland. The author acknowledges the following personnel of the
Aerodynamics Research and Concepts Assistance Branch: Miles C. Miller; Richard R. Raup; Owen C. Smith,
Jr.; and Daniel J. Weber. Deborah Rollins and Rose Baker of NSWC perforined the fragment presentd area
measurements. Rose Baker made the linear measurements of the fragments and made all rc.essary
calculations and graphical plots. Stephen F. McClieskey derived the equations for maximum presented area
and the variance of the presented areas for a given fragment modeled as a rectangular parallelepiped.

This report has been reviewed by W. H. Bohli, Head, Explosion Dynamics Branch.

Approved by:

é‘oa/ 7. /kc(([v/-
K.F. MUELLER, Head
Energetic Materials Division
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INTRODUCTION

The Naval Surface Warfare Center (NSWC) has a continuing task from the Department of Defense
Explosives Safety Board (DDESB) to establish methods for predicting the fragment hazards due to the
inadvertent explosion of ordnance items. As part of this task, NSWC has established a computer model,!
which predicts fragment hazards for specified targets.

The computer model calculates individual trajectories for each fragment recovered in small-scale
fragmentation arena tests. The following variables affect the flight dynamics of a fragment which is modeled
as a point mass: gravity, velocity, area to mass ratio, air density, wind speed, and drag coefficient.

Except for the drag coefficient, all of these variables can be established with a fair degree of accuracy by
tests, measurements and calculations. The drag coefficient for any fragment is a funrtion of shape only. For
regular fragments, like spheres and cubes, the drag coeffizients are reasonably well-defined. For irregular
fragments, like those from bombs or concrete walls, no two fragments have exactly the same shape. As a
result, no two irregular fragments have exactly the same drag coefficient. Additionally, drag coefficient is a
function of Mach number.

The uncertainty of drag coefficients for irregular fragments produces an associated uncertainty in far-
field impact range. Figure 1 shows range versus low subsonic drag coefficient (Cp) for a typical fragment
trajectory. The initial elevation angle, average presented area to mass ratio, and initial velocity are shown in
Figure 1. The range of low subsonic Cp varies from 0.5 to 1.5, a factor of three. The associated ranges vary by
a factor of more than two. This represents a large range of uncertainty in the trajectory calculations for
establishing fragment hazards for use in quantity-distance determinations. If this uncertainty is to be
reduced, some correlation must be established between drag coefficient (Cp) and the characteristics of
irregular fragments.

3000
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1600+
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600+ Vp = 5000 ft/s
400+
2001
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SUBSONIC Cp (MACH NO. ~ 0.1)

FIGURE 1. Cp--RANGE SENSITIVITY




NSWC TR 87-89

Since Cp is a function of shape only, any correlating parameter must be dimensionless; i.e., geometrically
similar fragments that have the same drag coefficient should have the same value for the correlating
parameter. For example, the ratio of maximum to minimum presented area might be used as a measure of
shape. This ratio would be dimensionless. For a sphere, this ratio would always be one no matter what the
size or material of the sphere. For a cube, this ratio would always be 1.732.

The impetus for this program was provided by an observation of the data contained in one of the first
systematic reports on drag coefficients for irregular fragments.2 Three regular fragments were studied in the
report; i.e., a sphere, a cube, and a bar. The bar length, width, and thickness were in the ratio of §:1:1. Since
these fragments were regular, exact ratios of maximum to minimum presented area could be calculated. The
results, at a Mach number of about 0.75, were as follows:

N Sphere Cube Bar
Cp(AVQG) 0.60 0.88 1.12
AMAX/AMIN 1.00 1.73 7.14

Note that as the correlation ratio increases so does the Cp. The report also shows that the average Cp for
irregular fragments was greater than those for the sphere or ¢.b.:. For most irregular fragments, the area
ratio could be expected to be on the order of that for the bar. E er) thing seemed to support the idea that the
Cp for .rregular fragments could be correlated with dimensivniess parameters.

DRAG COEFFICIENT PROGRAM

FRAGMENT SELECTION
Ninety-six fragments were selected to provide a wide range of shapes to ensure a good statistical sample.

In all cases, the fragments were made of steel. Photographs of each fragment are contained in Appendix B.
The fragments were recovered from the detonation of the following ordnance items:

1. 155mm M107 projectile
2. 76mm Mk 165 projectile
3. Mk 84 low drag bomb

4. Mk 82 low drag bomb

The matchup between ordnance item and fragment is given in Table A-2 of Appendix A under the
heading SOURCE.
FRAGMENT MEASUI.EMENTS

Five different kinds of measurements were made for each fragment:

1. Linear maximum length (L), width /W), and thickness (T),
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2. LinearaverageL,W,andT,
3. Perimeters in the three coordinate planes,
4. Presented areas:
a. maximum
b. average
¢. minimum
d. variance
e. standard deviation
5. Momaent of inertia (three axes)

Linear dimensions were measured as shown in Figure 2. Note that in measuring average dimensions, the
average thickness is calculated to produce an equivalent weight and volume rectangular parallelepiped.
Maximum and average dimensions for all fragments are contained in Table A-2 of Appendix A. The
couventicn for L, W, and T is as follows:

La2waT

MAXIMA AVERAGES

Lave

- LMAX
w;:; E :'“: 7 __:Lwavc

] EE

FOR EGUIVALENT WEIGHT AND VOLUME

Tave = ——-'-!‘-——
LavG *WavG * P

WT = FRAG WEIGHT (1b)

LAvG = AVERAGE LENGTH (in.)

WavG = AVERAGE WIDTH (in.)

p = FRAG DENSITY (ib/in3)

p = 0.28 (STEEL)

FIGURE 2. FRAGMENT LINEAR DIMENSIONS

Perilaeters were measured in three plenes as shown in Figure 3. Note that the perimeters do not follow
the jagged contour of the fragment. In fact, the measurements were made by stretching a string around the
fragment ir cach of the three mutually parpendiculer planes. The perimeter measurements for all fragments
are shown in Table A-2 of Appendix A.




LWP - PERIMETER IN L-W PLARE
LTP - PERIMETER (N L-T PLANE
TWP - PERIMETER IN T-W PLANE

FIGURE 3. PERIMETER MEASUREMENTS

Fragment presented areas were measured in two ways. First, measurements were made using an
Icosahedron Gage and second, calculations were performed using equivalent weight and volume rectangular
parallelepipeds. The parallelepipeds were constructed using the average linear dimenaions discussed above.
Figures 4 and 5 show the essentials of these measurements and calculations. The Icosahedron Gage is an
electro-optical device which throws a shadow of a fragment onto a sensing surface. The associated eiectronics
produce a readout of presented area. The optical axis is positioned at 16 approximately equally spaced
aspects 30 as to produce 18 distinct presented areas. The Icosahedron Gage cannot mount a fragment
weighing more than 1500 grains. For larger fragments, presented area statistics were calculated vsing
rectangular parallelepipeds as shown in Figure 5. The Icosahedron Gage presented areas for the first 84
fragments are given in Table A-1 of Appendix A. The minimum, maximum, average, standard deviation, and
variance of the presented arcas, calculated from the rectangular parallelepipeds, are given in Table A-3 of
Appendix A.

The weight moments of inertia3 for rectangular parallelepipeds are as follows:
| ML+ whH
T 12 .

ML3+TY
I'= —
12

. MW+ TY
L= 12
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FIGURE 5. PRESENTED AREA MEASUREMENTS
(EQUIVALENT WEIGHT AND VOLUME RECTANGULAR PARALLELEPIPED)
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where
It--moment of inertia about T axis
Iw--moment of inertia about W axis
Ip~-moment of inertia about L axis
M--weight of fragment (grains)
L--average length (in.)
W--average width (in.)
T--average thickness (in.) ,
The weight moments of inertia are given in Table A-7 of Appendix A.

VERTICAL WIND TUNNEL

The vertical wind tunnel used for this program is located at the U.S. Army Chemical Research,
Development and Engineering Center in Aberdeen, Maryland. The Asrodynamics Research and Concepts
Assistance Branch of the Research Directorate operates the vertical wind tunnel.

The essential aspects of the vertical wind tunnel are shown in Figure 6. In operation, a fragment is
placed on the fragment support screen in either the upper or lowsr test section depending on the air velocity
necessary to raise the fragment. The air speed is controlled by opening or closing the inlet vanes of the
constant speed fan. The air speed is adjusted until the fragment rises from the screen and assumes relatively
stable vertical equilibrium. At this time, the air strcam velocity is read directly from the velocity calibrated
manometer. Air density is calculated from the ambient pressure and temperature. Ambient conditions are
acceptable because of the relatively low air veiocities produced in the tunnel. These parameters together
with the weight and average presented area of the fragment are then used to calculate the low subsonic drag
coefficient (Cp).

Each fragment was tested in the vertical wind tunnel. The velocity of the air stream was increased until
the fragment hovers at a near constant vertical height. In this vertical equilibrium position, the drag and
gravity forces will be equal. From the wind tunnel, the velocity of the air stream is established. Air density
(p) is established from ambient pressure and temperature. The average presented area (A) of the fragment is
obtained from measurements discussed above. As shown in Figure 7, once we know these values, we can
calculate Cp. Since we operate at a single air velocity for each fragment, we can only obtain a single point on
the drag curve. This point is in the low subsonic region, roughly about a Mach number of 0.1. The remainder
of the drag curve must be inferred from other sources.

~

RESULTS
The test record for each fragment is contained in Appendix C. Each record gives three views of the

fragment. These views in conjunction with the photographs of Appendix B give a good indication of fragnient
gshape. The L, W, and T axes are shown. Remember that the convention for L, W, and T is:

La2waT
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The calculated Cp is shown on the test records along with the values of the variubles necessary for the
calculation. Remarks for each test are given that include the motion of the fragment in the vertical wind
tunnel.

Tables A-4, A-5, A-6, and A-7 of Appendix A list all the dimensionless ratios considered for correlation
with the low subsonic Cp. Ratios containing the minimum presented area were not used because of the errors
inherent in the Icosahedron Gage. This is explained in the notes on Table A-3 at the beginning of Appendix
A. Correlations were attempted using the dimensionless ratios singly and in pairs. When considering pairs
of dimensionless ratios, the object was to draw lines of constant value for the second ratio within the
uncertainty obtained with the first ratio and thus refine the correlations. In all cases, the lines of constant
value plotted vertically and yielded no additional information. The second ratios were always dependent on
the first ratios. When all plots were completed, the best correlation was obtained with the ratio of maximum
to average presented area (Amax/Aavg). The correlation plot is shown in Figure 8.

Figure 8 shows the plotted points for the 96 fragments and the maximum and minimum boundary lines
and their equations. The three fragments used as a baseline (sphere, cube, and bar) are identified. The value
for Ajax/Aavg is an average of the values obtained using the icosahedron gage and the equivalent rectangular
parallelapipeds. The total range of Cp uncertainty for all irregular fragments is about 1.0; i.e., from 0.5 to
1.5. The range of uncertainty at an average Amax/Aavg of about 1.5 is approximately 0.6. On average then, it
can be said that the correlation reduces Cp uncertainty by about 40 percent. In order to reduce range
uncertainty to about * 10 percent, it would be necessary to reduce the Cp uncertainty by about 75 percent.

The three regular fragments (sphere, cube, and bar) tested by Dunn and Porter2 gave Cp values in the
high subsoriic region at Mach numbers of approximately 0.75. In the vertical wind tunnels tests, the Mach
numbers were nearer 0.1. Cp values for the three baseline fragments are compared at the two Mach number
levels in Table 1.

TABLE 1. COMPARISON OF BASELINE FRAGMENTS

Cp Cp(AVQ)
Wind Tunnel | Dunnand Porter
(M= 0.1) (M= 0.75) Delta
Sphere 0.42 0.60 + 0.18
Cube 0.64 0.88 + 0.24
Bar 0.94 1.12 + 0.18

As seen in Table 1, Cp at Mach 0.75 is about 0.2 higher then Cp at Mach 0.1 for all three fragments.
Owing to the consistency in the rise of Cp from Mach 0.1 to 0.75 for the three regular fragments, it seems
reasonable at this time to accept the same rise in Cp for irregular fragments. In this way, the shape of the
subsonic drag curve for irregular fragments is established. This is important because range is more sensitive
to changes in subsonic Cp than to similar changes in supersonic Cp. This is demonstrated in Figure 9 where
velocity is plotted against range ratio for a typical farfield fragment trajectory. The range ratio is the fraction
of the total trajectory range traversed. From Figure 9 it can be seen that only 25 percent of the trajectory is
supersonic while 75 percent is subsonic. The next point to consider is fragment motion in the wind tunnel.
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Each test record in Appendix C describes fragment motion in the vertical wind tunnel at near vertical
equilibrium. In a further attempt at correlation, the 96 motions were divided into eight categories of typical
motion. The eight categories and their associated fragments are shown in Figures D-1 through D-8 of
Appendix D. No systematic correlation was discovered. One surprise, however, was observed. Only about
one-third of the fragments tumbled randomly in the wind tunnel. This is contrary to the traditional
assumption that ali irregular fragments tumble randomly in flight. It was because of this assumption that
Cp for each fragment was calculated using ‘iie average presented area. Had a larger presented area (A) been
used for fragments which exhibited a motion such as flat rotation, then a smaller Cp would have been
calculated. Similarly, a smaller presented area (A) would have produced a larger Cp. In practice, it is only
necessary that the Cp @ A product be the same for the test and the trajectory calculation. Again, this
knowledge did not yield any systematic correlation. It must also be borne in mind that the motion of a
fragment at low subsonic velocities may differ from the motion of supersonic velocities because of such factors
as shock waves,

USING THE LOW SUBSONIC DRAG COEFFICIENT TO CALCULATE FRAGMENT
TRAJECTORIES

The low subsonic drag coefficient obtained from the vertical wind tunnel tests is only one point on the
drag curve. To draw an entire drag curve, points must be inferred from other sources. The rurrent state of
knowledge about drag coefficients for irregular fragments does not warrant a complex curve. A series of
straight line approximations is sufficient at this time. Using data from previous drag reports,2:4 transonic
and supersonic pivot points can be approximated. From the RESULTS section, we have shown a 0.2 rise in
Cp from Mach 0.1 to 0.75. Table 2 shows the points necessary to define straight line approximations to the
dragcurve for any fragment.

TABLE 2. APPROXIMATION OF STRAIGHT

LINE POINTS
Point Mach
Point Name No. Cp
D1 Anchor 0.10 D1

D2 Pivot #1 0.75 D1 + 0.20
D3 Pivot #2 1.50 D1 + 0.65
D4 Pivot #3 2.50 D1 + 0.50

The points and straight line approximations are shown in Figure 10. Note that above Mach 2.5, Cp is
considered constant. The anchor point is taken from Figure 8 for a particular Amas/Aavg at Mach 0.10. Once
the anchor point is determined then all the straight line approximations are defined. This results in the
straight line approximations for all fragments being parallel to one another. Although exact parallelism
would h:rdly be the case in all instances, there are grounds for the assumption. The Dunn and Porter report2
shows that the drag curve for spheres is essentially parallel to the drag curve for long rectangular
parallelepipeds and shell. fragments. The drag curve for cubes and cylinders (L/D = 1) is parallel to the
previous two except for a small discrepancy in the transonic region.

The anchor point may be selected in a variety of ways. For a particular fragment with a given Ayax/Agvg,
the anchor point may be selected anywhere within the uncertainty defined by the upper and lower boundary
lines of Figure 8. The anchor point could be an average, a maximum, a minimum, or an intermediate value.
It could also be chosen by random selection within the boundary lines,

10
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{D3) PIVOT POINT NO. 2
(D4} PIVOT POINT NO. 3

(D2) PIVOT POINT NO. 1

ANCHOR POINT (D1}

0001 0.5 15 25
MACH NUMBER

FIGURE 10. STRAIGHT LINE APPROXTMATION TO FRAGMENT Cp CURVES

The following equations for air density and Mach number may be of help in using fragment drag
coefficients.

(5%
p=0.0765¢
where
p = air density (1b/ft3)
A = altitude (+) above sea level and (-) below sea level (ft)
14
M= —
VS
where
M = Mach number
VF = velocity of fragment
Vs = velocity of sound
- ( m:ooo)
Vs =11164 ¢
where

Vs = velocicy of sound (ft/sec)
A = altitude (+) above sea level and (-) below sea level (ft)

11
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FUTURE CONSIDERATIONS

Significant problems remain unresolved. For an acceptable range uncertainty of about +10 percent, it
will be necussary to reduce Cp uncertainty by about 75 percent. The work to date hes only reduced the Cp
uncertainty by about 40 percent. This additional reduction in Cp uncertainty might be accomplished ir a
variety of ways. More efficient correlation parameters might be established. The ¢;pical motion of the
fragments in the vertical wind tunnel (Figures D-1 through D-8 of Appendix D) might be used as an added
correlation provided the motion could be predicted based on the physical characteristics of irregular
fragments. Possibly, the use of presented areas other than the average might be used in calculating Cp.

Another unresolved problem involves the shape of the transonic and supersonic portions of the drag
curve. It would be a help if a practical method for testing irregular fragments could be established for a
supersonic wind tunnel. Possibly, some sort of gimbal device could be designed which would allow the
fragment to move freely and, at the same time, continually measure drag force. Such a device might be
calibrated by using spheres or cubes for which drag curves are fairly well known.
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APPENDIX A
TABLES OF FRAGMENT CHARACTERISTICS

A-1
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These tables contain uimensional characteristics for all 96 fragments. Additionally, they contain the
dimensionless ratios used for correiation with the drag coefficients calculated from vertical wind tunnel tests.
The following comments are made to the seven tables:

Table A-1 - This table contains the 16 presented areas measured by the Icosahedron Gage for the first 84
fragments. The last 12 fragments were too heavy to mount on the gage. The presented areas have been
sorted and listed in ascending crder for each fragment.

Table A-2 - The weapon from which each fragment was taken is listed under SOURCE. Maximum and
average length, width, and thickness are listed after the fragment weight in grains. The linear dimensions
are described in Figure 2 of the DRAG COEFFICIENT PROGRAM Section. Perimeter as described in Fig-
ure 3 is listed next. Finally, the drag coefficient (Cp) obtained from tests in the vertical wind tunnel is listed.

Table A-3 - The minimum, maximum, and average presented areas are listed for each fragment. The
standard deviation and variance of the presented areas are given next. Under ~ach of the five headings,
values are given based on Icosahedron Gage (ICOS) measurements, and calzulations (CALC) based on equal
weight and volume parallelepipeds as described in Figure 5 of the DRAG COEFFICIENT PROGRAM
Section. Note the large differences in the ICOS and CALC values for minimum przsented area. This is due to
the inherent limitations of the Icosahedron Gage caused by its preset mechanical stops. In all cases, the
minimum CALC values are more near the truth. The CALC value for fragment number 1, the bar fragment,
is very accurate while the I[COS value is almost three times as big.

Table A-4 - Fragments are renumbered in accordance with ascending Cp. This is done to provide a quick
picture of correlation. The OLD fragment number is the number assigned in Tables A-1 through A-3 and in
Appendixes B, C, and D. Three dimensionless area ratios are given and values are given for both Icosahedron
Gage measurements and parallelepiped calculations.

Table A-5 - Again, fragment drag coefficients (Cp) are listed in ascending order. All dimensionless ratio
headings are explained at the end of the table.

Table A-6 - Here dimensionless perimeter ratios are given. Headings are explained at the bottom of the table.
Table A-7- Weight moments of inertia and their associated dimensionless ratios are given. Weight moments

of inertia are explained in the FRAGMENT MEASUREMENTS Subsection of the DRAG COEFFICIENT
PROGRAM Section.

A3
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78
0. 697
.28
.20
4L26
L
.23
1%
.24
217
22
8231
8. 266
.23
4.2%
.25
.25
.25
9.2%
0.2%
.39
.33
25
0. 282
8.35%
.33
0384
2. 361
.39
.. m
8487
2. 365
0.491
9322
8.9
0.432
0.343
S.457
.55
.49
Q.72
[ A9
0. 440
8.429
€.4%
LAz
[ ¥
.45
0. 449
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TABLE A-1. PRESENTED AREA (8Q. IN\)

9. 464
0447
0.425
8.494
.58
.51
2. 501
8780
8.516
$.488
8. 492
8.543
8489
.30
0.5%7

3
31
9.783
.87
e.278
0.208
0.047
2.2439
0.27¢
0.3
¢.38
0.27%
0.23%
0. 24%
.29

0.3
.‘ m
.33
0.267
.37
0.382
8.418
9, 3ee
0.299
8.429
8.455
0.473
0.475
0.437
9,432
9.411
9.53%
0.439
9.5%
0.499
8.518
8.523
0.459

0.369
0.543
9.614
8.888

8.522
8.543
8.533
8.518
0.512
9.381

(ICOSAHEDRON GAGE)

6
8.323
.78
0.85%
8.268
e.2%
0.2%
8.25%
9.291
.33
%30
8.2e8
.27

.29
8.3

3%
2.316
8.308
0.393
.39
.44
8,312
e.400
0.431
8.478
8.583
6.AT?7
B.488
2.454
o418
2.546
2.43%
8563
0.5%
8.543
8.5712
a.3581
8.587
L 514

0633
a.928
8.540
8.5%
0.543
8589
.53
8.348
8.589

PRESENTED ARER

8.438
0.495
8.315
8.408
.53

0.423
6.59%
.45
8. 365
s.688
8.582
8.399
8.3
6,663
L %1)
4353
L N4
0.917
2.343
0.376
0.383
0.604
0.5%4
8.551
8.591

9328

.
0.387
6.627
9.592
.59
6588
0.683
%659
.57
0.633
1.087
8.558
0.591
8.651
8.617
9.653
.59
0.5%

A4

n
6357
e.783
2893
o
o408
.31
312
404
s.40t
6443
0,368
e.35
2.2%
357
0349
LY
el
8.421
8.372
8.487
0.480
8.622
a.an
8.464
8319

i1
6. 367
6. 783
(8]
a3
6418
6333
6327
6426
s.4am
3N
(¥ ]
6. 385
6383

12
8.397
8.785
69352
3%
"m
9.361
.‘ﬂ
.47
o.aN
8373
(¥ ]
.lm
e.J1e
.374
6.3%
A2
.44
L X r)
L3
8.519
8.6%9
6.641
4. 508
6683
6.637
8615

13
6.4
8.783
0.9
.39
8.4352
2,361
a3
Q4TS
8.433
e.300
8.413
A
0.328
0.408
6.408
0.522
2.467
| N L)
| YA
6.522

14
(N1
8,765
6. 952
.33
6.492
0.37%
A.388
3%
AT
0.585
0. Al6
8.43%

13
.40
678
9%
6. 359
2.33%
3%
6.399
.53
.47
6.622
LN
.44
.38

16
LA
6. 785
6, 983
0. 368
8.3%
8412
412

IO SR
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TABLE A-1. PRESENTED AREA (5Q. IN))
(ICOSAHEDRON GAGE) (Continued)

1.314
1.19%

A-5

L%

.19
L217
L1358
.38
“ "
1%
L1%N
.08
1.343
1.3

1313

1.0
‘.
1.168
1.2%
1.282
l. m
‘Ia
‘. u
1.3
.18
l. m
1.912

1.8

1.683
1189
(.
‘I“
e
1. n
!‘s
!. u‘
L9
1.3
L
1.9
1.4:2
L&)
1.413
.32
118
1.047
1.710

12
(8 ]
[ 8
( Y1)
L
1.8
.01
“.ea
1.004
1.288
. m
.98
L9
1.068
1.5
.98
!'—
.28
1.004
.08
L
1.454
1.603
.39
1.1
‘Im
‘I.
1.311
1"
‘.
1.“
‘lm
‘.m
‘.m
1.7

3
.92
.05
L8 L)
1.364
L%
.18
aia
m
.20

1.688
1.028

14
5.923
.07
(3 \ )
1.M3
1.087
1. 246
3
1.1%2
‘I‘
93
1.453
.9
1Qm
.8
1.008
.13
‘.“
1.008
1.1
.
1.7
.82
.49
t.m
1.411
.68
1.6
.59
.78
1.5
.98
1.400
‘l“
1.9%

13
8
.17
.0
1.58
113
1.25%
.91
1.;
1.310
.58
148
9%
1.39
1.0
1.8
1417
l.a
L1113
1.147
.90
.10
.99
.40
1.3%
1.411
.73
1.78
L
.78
1.5
1.509
1.98
.98
.08

16
1.8
L2
1 3. |
.0
L
L3
491
1.304
L3R
493
L0
L
LM%
.92
L1
L3N
L4
1L.1%
L8
92
M
rX
LR
LN
L.648
.08
LTS
LN
200
LM
AN
LI
.M
2%
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1183
10%.4
.
1.7
13
1n.2
118.2
1187
1213
ln‘
186
1a..
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TABLE A-2. FRAGMENT DATA

UM W ARG L0 WG TR L

n
1.

mn
LY

“%
LS
Wi
LR
L.
‘.a
‘.a
.M
L8
LN
"
1.0
N -
LN
1.2
‘.‘
.9
1.8
‘ln
N )
"n
N )
’.a
M
'Iu
(R ]
.3
1.7
1.8
lln
1.8
1.49
1% 1
!l“
1.9
1.3
‘lu
1.5
1.12
R
an
.17
1.0
.3
)
1.‘
‘!‘
1.12

*5%
e
L8
L 3
1

1L S S ()
&3 L3 A3
DINGTER = 1.0 IN
% &8 ad
64 09 a3
.22 6 sl
&3 1.0 &3
.7 1.0 a3
& 1.2 &6
a3 1.1 a3
az 12 W
%7 11 a3
.3 &8 a8
&M &7 &b
&N 1.0 a3
.2 &9 &6
«“ll 1.7 a6
&2 1.3 a3
&3 1.4 6
6X 1.8 06
&3 1.3 &6
&7 1.3 &6
638 13 &6
a3l 11 &8
.x 1.0 at
&» i3 aé
&M 13 &6
&4 1k 06
&8 13 &6
&3 13 &6
&3 1.7 a3
.47 1.1 a6
.8 1.3 O3
LE L1 &6
aM 14 a7
.2 1.9 a6
e 1.3 a7
37 1.4 A7
el L3 &7
&3 13 a9
&y 14 &b
.n 1.1 a8
a3 1.3 &6
619 26 a7
AN Ll a7
.53 1.2 a7
3 1.3 a7
aE 14 W7
&8 12 o9
.3 1.3 a8
.2 1.2 o8

A-8

8
.3

8.
an

L ™

: 8 N m
38 M L3
ALL PERIMETERS = 3.14 IN
& B s
2R 219 u®
8 A .3
2% 237 L
28 23 .9
83 271 \B
8 2689 1.9
N 23 1N
an 2% L.
At am ..
23 28 LN
28 23 1N
an 239 1@
8 12
i 8 19
&8 27T wm
20 213 1@
3 am .
I I3 L8
40 AR LM
B 2" L.
19 23 W%
B 2@ 1%
8 I8 LB
i M uLe
% W s
i3 I8 .8
N I8 u=®
28 24 18
AR 1IN %
28 24 213
% W3 s
AR AB N
IN WM LB
T W3 .e
M4 113 1M
A% 281 28
4 M Lm
28 21 1.8
&8 I LB
.8 SA& 1N
N W& 2B
i W& 23
i s 23
8 I3 an
AR 23 2m
i 28 2.8
38 2% %

>
a9
m L I“
1)
a9
1- l’
1.8
1.8
1.3
.
.y
LY,
L 8
(Y
LY 3
L%
.5
L%
LY Y
2% 43
1.2
1.3
.18
1.8

L.14
.41
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TABLE A-2. FRAGMENT DATA (Continued)

2] MEIGHT LMX MW TR LAV WWO TRG UP TP T

1] 4 M2 28 A% A3 28 &6 A7 AR A3 180 1.88
32 6 IBVS L6 1.7 68 16 A8 K &AM 1 0 1.16
t\] 4 W1 LR AT R 1S AT A1 AN AR 213 LY
L) 4 e 2B L6 &7 28 A% AL 33 &3 29 (A}
L] 3 2.7 28 &1 &2 LY A7 A7 AR A3 1@ (%
% 4 Ay 218 A% & 23 &6 A8 1R 3@ 14 .6
14 e A6L7 L3R A% &7 L3 &8 A I8 Il 213 .n
R | A8 2.8 0 &2 2! A7 A ARt AT 23 .12
) 4 R2 3 LY B 6 L8 A1 ARl I3 AW 1.6
e 3 W L% LAY 86 LI A8 AR I8 M 23 .9
3] 4 A7 247 LB AW 21 A% A3 1@ W M *.%
® 4 B3 1B AN A3 8 L7 AR AR LM 2 i
S 3 A%9 213 L2 43 21 A% 13 SI3 A8 2B [ Y ]
“ 4 B LS LD LR 28 L8 A3 &R N8 L .u
] 3 MWe .2 A% &A1 1 A6 AN AM ITI LN .06
% 6 5196 LR 1L O 14 L0 &1 AN B 20 1.8
14 6 S 212 LK M 29 A8 417 3JW AN 23R . %2
8 S SA7.9 1@ LM SA2 L6 &8 A2 LB 1B LM 52
3] & $%.2 1.9 L& &2 LS &8 AN S LM 2D L 34
n 4 S6l.2 1L AW &6 13 &7 AT AN AN 24K .n
n 4 684 237 A% A3 23 049 413 &K 823 A %
T’ 6 L7 219 LW &3 21 LI &N A8 AN 2’ s
B ¢ B4 1L LY &M 16 LI &I AN IS 2% 3
1} 4 X8 LB LI5S A 19 08 A2 AR AR B L 3
2] ] 668.% 231 .7 &M 21 M8 &B IX LK .89 8
% 3 ML 2412 LA AN T L0 Al SE AN LB L Y
n ] Nkt .6 AW &3 25 68 A2 M 3 219 .28
. 4 e 28 L6 53 28 &7 A% M4 A3 2@ L%
n 6 T 28 L7 6 23 L8 A7 I3 I 268 .3
" 4 me 28 4K A7 29 A7 B A8 &K 21 %
f 6 ™2 2.3 A% & 2. &8 At AR A& 2 .9
” 4 Mm.e 1.8 LAY Al L6 LI A AR 33 LM (3
L\ 6 BT L% 1.1 &M 16 L4 A9 50 I8y I «n
" 6 %663 29 L0 &3 30 A9 A B8 S8 M 1.8
] 4 87 L8 LT A% 2T u1 A B AT 2m «.
% 6 1638 LY LB 3 I3 L2 A2 & &7W A 1.
” 4 1ML LT 2B &6 33 12 A Al L3 LB .9
" € 12 W LB & 8 L2 A2 N &W N8 .95
] 4 2|7 23 LA ALY 23 A9 A AT S® iOe “n
% € %62 221 28 4T3 24 18 A 619 38 LE L % ]
i € 2386 W L8 &6 0 4 A3 BR L& LGB .9
% 4 83T AW 28 &Y A3 LS A2 1. Al 5% .42
T € 40 4B 1| LS A1 LS S 13E W8 M N |
4 NA2 .7 LB & 23 L4 B 8% 681 40 .2
- 7T OISEme L 2% 2 3 a8 1.8 AR aEe  8.19 .9
% T BMLS 4B L7 1LY A2 L4 ABE 1383 481 AR .9
SOURCE CODE

1 -~ BAR (174 X 174 X 1 1/74) S - 76MM MK 165 PROJECTILE
2 = 1.990 IN. DIRMETER SPHERE 6 - MK B4 LOW DRAG BOMB
3 - .76 IN. PER SIDE CUBE 7 - MK 82 LOW DRAG BOMB
4 - 13535MM M107 PROJECTILE

A-7
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TABLE A-3. ICOSAHEDRON VS CALCULATED AREAS

MIN ARER

1c08
o‘“
9079
e. 64
@.19
2.17
2.16
@. 20
®.18
@.18
2. 23
2. 20
e.21
e. 21
®.19
e.22
2.21
e.21
2.25
e.21
e.22
2. 29
e.:28
e.27
2. 27
3. 26
e.29
2.34
e.33
°.33
2.30
o.“
a.29
2.36
8.3
2.31
°.36
2.30
m.:s
2.42
®.28
0. 48
8.42
..ss
e.39
e.41
@.a1
0.47
. a0
°.37
2. 43

CALC
e. 07
°‘79
0.38
0. 06
0. 84
e. 06
0. 26
2.03
. %6
2. 03
8. 06
0. 08
e.10
Q. a7
o. 88
0.e3
6. 06
9. 06
. 08
8. 07
2. 26
Q. e7
@. 19
a. 11
8. 08
a. 68
0. @3
6. 10
9. 19
9.8
@.12
e. 07
8.13
e. 11
@. 08
@.10
e.11
@.12
a.13
@.12
@. 13
e.11
8. 97
©. 1€
0.15
0. 14
@.13
@.13
2.15
0. 18

MAX
1cos
0. 43
8.79
.I 98
0.37
.I “
8. 41
Q.41
a. 58
9. 50
8. 70
Q.49
@. 51
.36
Q. a6
@. 46
Q. 57
.‘ “
0. 52
9. 52
'I 62
Q.74

0. 61
8.73
8.79
e.76
8.73
2.73
@.69
0. 74
@. 37
e. 81
8. 60
. B4
1.85
@.99
@. 85
@.79
1.05
Q.77
@.70
. 88
1.43
€. 66
.' n
2.83
@. 82
.97
0.9
'. Bs

NSWC TR 87-89

ARER
CALC
e. 5
e.7%]
1 L] u
0. &7
9.66
.I 52
0. 32
.73
0. 57
0.83
0. 57
0.63
Q. 44
@. 52
a. 56
.7
8. 67
. 68
0. 62

8. 92
e. 92
e.69
e. 82
0093
0. 93
€. 87
@. 81
9.81
e. 83
@.71
.99
e.71
1. 01
1. 17
‘.”
1.01
2.93
1.19
@. 89
@. 92
@.95

@. 83
0'”
0. 96
1.0z
1.1
1.06
1.“

AVC ARER

1Ccos
0. 34

@.87
0. 30
o, 37
0. 38
@. 30
e.37
@. 335
8. 43
2. 34
8.33
0. 28
o. 34
@. 34
@. 42
e. 38
@. 38
0. 36
0. 44
@. A8
8.33
0. A3
0. 46
2.53
@. Sa
2. 34
9.54
a.52
9.5
0. 46
8.62
@.48
@. 61
.68
8. 62
@.61
8. 33
.7
o. 62
8.358
@. 635
1.02
@.53
8.39
8. 64
e.63
0.68
0. 64
8. 64

A-8

CALC
@. 38
9.79
@. 87
8. 3t
8. 41
6. 34
Q. 34
% a4
0. 37
2. 49
a.37
@. a8
2. 31
.. u
@. 37
8. 46
e, a3
. a1
@.41
.. u
@. 36
8.97
0. 47
.' 32
@. 59
8. 99
0.37
0. 54
6. 54
@.59
@. 51
0. 63
@. 51
0.63
Q.74
8.69
a. “
e.63
8. 74
0. 62
8.62
2. 63
1.87
e.60
8. 62
8.66
2. 69
0. 72
8.7
0. 68

8STD DEV

1Cos
Q.07
. 00
0. 18
6. 83
6. 11
8. 07
n. 07
e.12
0.09
®. 13
8. 88
. 18
0.03
0. 87
2. 07
8. 11
e. 19
.' u
8. 10
®.18
@.16
0. 16
e.10
.. ‘s
8.17
8.14
.l ‘2
0.12
@. 11
0.12
Q. a7
a.14
e. a7
0.14
a.23
.I ‘a
a.13
@.14
0. 20
8.12
0. %6
8. 12
8. 24
0.07
a. ll
8. 14
e. 11
°. 19
°. 15
@.12

CALC
0. 89
0. o8
.
e. 11
e. %
8.12
0.12
0. 19
0. 14
0. 22
a, 14
8. 186
@. 10
@.12
8.13
8. 17
e 16
6. 13
8. 135

e.23
0. 23
Q.16
.‘ “
a.23
e.23
@. 2t
6. 19
@19
6. 21
0. 13
@. 23
@. 13
0. 24
a. 29
9. 26
0. 24
@. 22
2.38
6. 20
Q.21
6. 21
0. 49
. 17
0.19
8. 21
Q. 24
0. 27
8. 23
0. 23

VARIANCE

Q. eas
8. 000
6. 009
e. el
8.013
©. 883
@. 0eS
2.813
o. 0%
0. 23
. 087
a.8108
'. nz
. a0t
e, 89S
9. 011
0. 089
@. 007
0.0
.m0
@. 826
0. 023
0.810
0. 823

8. 620
8.013
0.014
a.011
@.816
0. 003
2.019
o'm
0.018
e. 853
e. 831
0. 823
@.819
@. 040
.‘ .13
0. 004
8.819
8. 856
0. 004
8.812
8. 020
0.212
Q. a37
2,923
2.013

CALC
@. ous
9. aen
6. s
.02
6. 827
.13
0.'S
@. 836
6. 819
9. 850
.18
8. 827
@. 889
0. 814
8.7
8. 029
0. 826
6. 818
e. 821
e, 839
6. 834
.
8. 8024
a.840
8. @51
@. 851
6. 043
@. 836
0. 833
0. 843
8. 822
.
8. 22
@. 859
9. 084
@. 0639
8. 858
6. 848
8. 089
0. 839
0.843
0. 846
0. 238
8.029
o. ax7
8. 846
@. 855
9.971
9. 864
0. 852




FRAG
NO.
51
S2
S3

RALAB28BBIRARET

NSWC TR 87-89

TABLE A-3. ICOSAHEDRON VS CALCULATED AREAS (Continued )

MIN RRER MAX ARER AVG ARER 8TD DEV VARIANCE
1c0S CALC 1C0S CALC ICOS CALC 1ces  CALC 1C08 caLc
0.40 0.10 1.85 1.25 @e.78 @0.82 ¢.13 0.0 2. @237 0,088
2.41 0.13 1,20 1.3 2.77 @.83 .26 @.32 2.262 0.104
8.54 @.12 9.99 11.1@ .75 0.74 2.11 0.23 2.012 Q@.06a
2.3a4a 0.10 1.67 1.82 0.9 1.07 @.41 0,48 2. 169 0.238
@.48 0.12 1.20 1.37 2.85 0.8 .23 O.3F o511 Q.111
Q.36 ©0.09 1.9 .53 0.93 0.99 .27 0.8 2.0 "2 Q.144
.46 0.18 .96 1.10 2.7 @7 9. 15 el g.L2e 0.0359
.29 e.1 1.3 1.951 .87 0.9 .26 037 2.269 0.138
Q.43 0.15 1.58 .63 .92 1.00 8.35 0.41 @. 121 0,169
@3.49 0.1% 8.97 1.10 .73 0.77 0.14 Q.24 @.0z@ Q.es57
2.53 .12 1.66 1.9 1.03 1.14 .35 .50 e. 1 . 246
.64 @.14 .99 1.2 ©.86 ©.88 .10 2.3 2.010 0.@94
@.40 9.12 1.39 1.71 2.8 1.086 2.30 .43 @.289 @.187
2.52 0.13 1.94 2.02 1.15 1.19 0.47 O.5% 2.225 @.280
B.48 0.1a 1.13 1.17 .79 o.83 o.2@ 2.25 2.840 @,PE3
a.53 0.19 1.J36 1.44 e.85 0.93 8.26 0.35 2.0687 0O.120
.62 0.1a 1.45 1.64 B.97 1.04 0.25 Q.40 2.064 @.184
2.59 @.17 1.14 1. 34 o.86 ©.%90 .20 O3 2.039 0.09a
2.57 .15 1.28 1.57 .92 1.@ .21 €.38 @. 044 @. 143
.43 Q.19 .91 1.164 8.7 .82 2.13 @.2a 2.018 0.0e55
.51 @.13 1.88 2.108 1,15 1.27 2.42 @.5a @.174 0.29
2.61 @.18 2.08 2.34 1.26 1.39 .49 0.61 0. 282 0.3I70
.52 o.x1 1.69 1.80 1.6 11.14 2.3 Q.44 @.127 0.1986
.64 0.18 1.44 .59 1.01 1.06 .24 0,37 2.85% @.136
.51 .16 1.6 1.74 1.19 1.13 8.3t 0.a42 9.997 0.173
.47 .20 2.00 1.85 1.14 1.18 v. 44 0.45 @.196 @.2e2
2.48 0O.14 1.76 2.13 1.17 1.34 0.38 @.33 @.147 0. 281
.84 @.1a 1.686 2.0a 1,29 1.33 .32 @0.49 9.0688 0.238
.68 0.17 .07 2.34 1,30 1,43 .42 0.39 ®.17% @.352
0.67 @.14 1.70 2.05 1.24 1.33 2.39 0.49 9.038 0.238
.60 @.17 1.6% 1.99 1,20 1.29 0.26 8.48 @.967 @.227
.69 0.26 1.5 1.82 1.88 1.19 8.28 Q.43 ®.078 0.18Ba
.61 .27 1.98 2.28 1.27 1.40 @.46 @.57 9.216 0.329
.68 0.15 2.20 2.75 1.41 1.67 @.468 0.70 @.210 @.494

2. 31 3. 08 2. 01 @.73 8. 535
2.286 4.03 2. 46 1.3 1.0353
2. 28 4.04 2. 50 1.2 1.0834
2. 26 4.64 2. 83 1.18 1. 400
2. 41 2. 595 1.90 @. 50 Q. 245
@. 43 2. 64 1.93 2.54 @. 286
0.33 4.28 2.64 1.e8 1.161
2.33 6. 53 3. 86 1.7 2.988
@.39 6. 25 I. 81 1.60 2. 549
2.58 4. 27 .92 @. 96 @. 923
2.97 7.80 €. 37 .11 1.232
2.84 14.98 19, 32 333 11.078

EXPLANATION OF COLUMN HEADINGS

MIN AREA — MINIMUM PRESENTED ARER (SQ. IN.)
MAX AREA ~ MAXIMUM PRESENTED AREA (SG. IN.)
AVG AREA - AVERAGE PRESENTED RAREAR (SQ. IN.)

8TD DEV -
VARIANCE ~ VARIANCE OF PRESENTED ARER (IN. 4THD

1C0S
cacc

STANDARD DEVIATION OF PRESENTED ARRER (SQ. IN.)

AREAS CALCULATED FROM ICOSAHEDRON GAGE DATA
AREAS CALCULATED FROM APPROXIMATING RECTANGULAR PARALLELEPIPEDS

A-9
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TABLE A-4. PRESENTED AREA RATIOS

MAX /7 MIN MAX / AVC AVO / MIN

co 108 CALC 1co8 CcALC 1cos cALC
@. 42 1.00 1.00 1.00 1.09 1. 00 1.08
8.50 3. 04 1.22 2.49
0. 64 1.54 1. 73 1.13 1,15 1. 38 1,50
Q.7 2,10 3.9 1.22 1. 39 1.73 4,32
@. 72 1.689 .03 1.20 1. 39 1. 41 3. 63
.73 1.96 9.49 1. 16 1.5 1.34 6. 33
0.7 1.65 8. 16 1.20 1.49 1.38 S, 48
Q.76 1.44 3.9 1.20 1.47 1.19 4,83
8.76 2.42 9.53 1.43 1.53 1. 67 6. 21
0.78 2.19 €. 85 1.3 1. 49 1.60 4.18
8.7 3.36 14.41 1.58 1.58 2.17 9.09

8.79 6. 20 1.37 4,31
@. 00 1.95 S. 91 1.34 1. 43 1.46 4,14
0. 80 6. 24 1.338 4,64

e.a1 2. 27 7. 08 1.43 1. 52 1.58 A.66
8. 82 2.77 7.52 .23 1.44 2. 26 -3
8.83 1.72 4,87 1.26 1.42 1.37 3, 29
e.83 2.83 €. 81 1.29 1. 46 1.57 a4.67
.83 2.11 10.338 1.37 1. 46 1.34 7.9

0.84 3. 24 8. 60 1.959 1,58 2. 83 S. 44
0.84 4. 28 9.13 1.73 1. 56 2. 44 S.83
0. 86 3.990 14.36 1.5 1.62 2.33 8. 86
0. 88 1.686 3. 49 1.24 1.39 1.33 3. 96
0. 86 2.27 9. 81 1.43 1.908 1.99 6. e
2. 86 2.50 9. 37 1.47 1.61 1.70 S.82
0. 88 2. 49 8. 18 1.42 1.42 1.78 5.77
0.87 1.76 7.81 1.30 1.49 1.35 3. 24
0. 87 2,27 10.58 1.39 1.55 1. 63 €. 78
.88 2,63 11.81 1.42 1.56 1.86 7.58
@.88 3.76 15.99 1.69 1.7 222 9.42
0. 88 2.38 7.92 1.52 1.62 1. 356 A.90
e.689 2.20 9. 87 1.37 1.53 1.60 6. 44
.89 3.25 8.58 1.396 1.62 2. 88 S. 28
2. 99 2.21 14.62 1.43 1.54 1.54 9. 51
0. 90 2.8t 13X, 35 1.3 1,52 2.13 8.78
0. 99 1.99 S.80 1.32 1.43 1. 5@ 4.05
9. 91 1.90 7.46 1.23 1.5@ 1.34 4,99
0. 92 2.33 12.1@ 1. 50 1.58 1. 56 7.6%
.92 1.9 7.66 1.33 1.48 1. 47 5.16
0. 93 10. 07 1.53 €.99
2. 93 S.41 14.75 1.66 1.69 2. 05 €.73
0.93 2.71 10.65 .41 1.5% 1.93 6. a8
0. 94 2.19 €.92 1.29 1,30 1. 70 5. X3
0.94 2.63 1.0t 1.45 1.55 1.82 7.13
0.93 17.53 1.64 10.69
2.93 2.99 26.57 i.41 1.71 1.84 15,38
0. 95 2.75 15. 7 1.35 1.54 2.04 10.17
. 96 2.52 14.44 1.37 1.53 1. 84 9. 42
2.96 1.66 5.69 1. 23 1.40 1. 35 4. 06
.96 1.97 8. 34 1.33 1.49 1. 48 S. 58
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TABLE A-4. PRESENTED AREA RATIOS (Continued)

FRAG NO. MARX / MIN MRX / AVG AVG / MIN
. NEW OLD cb I1COS CALC Icos cAaLc ICOSs CALC
S1 37 ©8.96 2.84 €.97 1.41 1.54 2. 02 §.85
S2 €1 @.96 3. 16 16.18 1.61 i.68 1.96 9. 66
53 14 0.96 2. 41 7.71 1.34 1.49 1.79 5.19
54 10 .97 3.84 16.34 1.61 1.73 i.89 9. 47
55 87 0.98 14.53 1.62 8. 99
1= 71 ©.98 I.71 15.58 1.63 1.65 2. 28 9. 45
S7 15 @.98 2. @6 7.26 1.34 1.32 1.54 4.76
Se 38 0.98 2. 26 7.70 1.43 1.50 1.57 S5.13
59 a4z ©0.98 2.08 8. 33 1.36 1.46 1.52 S.69
£0 75 0.99 J.24 10.72 1.50 1.83 2.17 6. 98
61 96 0.99 S. &7 1.45 3.63
ez 91 0.93 12. 36 1.682 7.64
6x 81 2.99 2.67 11.97 1.34 1.54 z. 00 7.77
64 84 1.00 Je23  18.80 1.57 1.65 Z2.06 11.33
63 93 i1.01 15.97 1.64 9.72
&€& 94 1.02 7.41 1.46 S. @6
&7 23 1.02 2.25 €. 98 1.35 1.47 1.67 4.74
68 89 1.0z S.43 10.55 1.68 1.63 2. 04 6. 49
63 56 1.03 .87 16.€8 i.48 1.57 2.61 10.64
70 48 1.04 2,435 7.25 1.44 1.54 1.70 4.69
71 51 1.@5 2,62 12.35 1.35 1.53 1.95 8.19
72 7 1.@5 2.@9 €.80 1.36 1.53 i. 54 S5.79
73 E 1.06 2. 62 8.94 1.39 1.53 1. 89 S. 8%
74 EE 1.06 2. 56 7.99 1.61 1.585 1. 59 4.90
75 S50 1.11 “1.99 6.18 1.31 1.47 1.49 4.21
76 S4 1.11 4.94 17.31 1.74 i.70 2.864 10.33
77 S8 1.12 4.65 13.40 1.54 1.57 3. 23 8.51
76 49 1.14 2.42 7.41 1.41 1.51 1.72 4.89
79 36 1.16 2,73 10.40 1.60 1.57 1.70 €. 64
80 S5z 1.16 2.95 10.45 1.57 1. 58 i.88 6. ED
g1 22 1.18 2.86 13.27 1.47 1.61 1.95 8. 24
8z S 1.19 I.37 18.34 1.355 1.60 2.17 11. 34
8 26 1.19 2.60 11.38 1.41 1.56 1. 84 7.28
g4 19 1.:z21 2. 43 7.55 1.45 1.52 1. 68 4.98
85 g6 1.24 15.79 1.64 9. 63
g6 0 1.24 2.43 11.85 1.43 i.50 1.74 7. 7S
87 77 .29 J.B4 15.13 1.51 1.39 2. 42 9. 50
ge 54 .29 2.69 9. 50 1.38 1.55 1.94 €.12
€9 20 1.29 2.77 11.41 1.41 1.59 1.97 7. 16
=1"] 25 1.30 3.05 11.91 1.50 1.57 2. 04 7.35
- 91 79 1.31 J.04 13.58 1.68 1.863 1.90 8.32
2 28 1.33 2, 26 E. 46 1.40 1.5 1.61 S. 64
93 e 1.Z4 .17 14,32 1.55 1. 67 2. 05 8.57
94 =1 1.328 T.7: 14,2 1.56 1.63 2.38 8.77
. 95 92 1.42 19.91 1.69 11.77
26 24 1.4B 2. 81 7.48 1.61 i.57 1.74 4.78

ICOS — PRESENTED AREA RATIOS CALCULATED FROM ICOSAHEDRON GARGE DATA
CALC - PRESENTED AREA RATINS CALCULATED FROM APPROXIMATING RECTANGULAR PARALLELE
PIPEDS




FRAG NO.
NEW OLD
1 .
2 a5
z 3
4 7@
S 44
) €2
7 fat
& a1
9 i1
10 57
11 38
2 =[]
13 45
i4 o
15 32
16 40
17 13
18 a6
19 18
2 7%
21 76
22 &3
23 33
24 74
25 39
26 &5
27 a7
28 €9
29 89
0 &4
31 12
32 27
33 83
34 78
35 oy
36 =]
37 4
38 67
9 68
4@ 85
41 72
42 ]
4% 1
44 17
a5 88
46 43
47 16
48 =17]
49 31
S0 29

TABLE A-5. LINEAR AND STATISTICAL RATIOS

cp L/T
0. 42 (SPHERE?
2. 50 2. 42
.64 1.00
@.71 5. 50
A. 72 4. 69
Q.73 9. 28
2.7¢8 7.81
a.76 5. 69
4.7 9. 22
@.78 S. 74
@a.79 14,02
@.73 .63
8. 80 S. 97
2. 80 9. 00
@2.81 6.86&
a.82 7.@8
.63 4. 43
@.83 €. 48
@.83 9. 69
a.84 8.42
2. 84 S. 90
2.86 14.@9
0. 86 S.08
3. 86 S.63
3. 66 9. 30
@. 86 7.53
2.87 7.49
. 87 10. 18
a. ee 11.45
2. 88 15. 84
2. 88 7.79
2.89 9. 54
a.89 8.43
@.90 14. 02
8. S0 12.75
@.30 S.47
@2.91 7.17
@. 9z 11.79
2. 92 7.3
2.93 9.72
a. 93 14.39
8. 93 9.76
@.94 S.17
@.94 10. &5
@.95 17.21
@.95 26.29
@. 95 15.10
3. 96 13.84
2. 9& S. 29
@. 96 7.99

NSWC TR 87-89

L /T

1.74
1. 00
3. 43
2. 33
4. €1
b T8
24
5. 50
4. 11
8. 36
4. 42
3. 55
3.97
4, @3
3. 86
2. 99
J.73
5. 7@
5. 86
8. 58
7.89
J. 42
4. 24
5. 43
5. 43
J. 49
&. 38
6. 71
G. 32
4. 35
S5.10
5. 70
7.74
6. 19
3.35
2. 97
7e 23
S. 01
7. 08
9. B&
5. 81
S. 16
5. 84
10. 86
i8. 36
8. 76
8.@5
.17
4.94

A-12

W T

1.33
1. 90
1.486
1.56
2. 03
2. 04
1. 90
.11
<. 53
2. 81
2. 66
2.31
1.68
3.186
1.88
2.34
2. 59
2.29
J. 92
3.19
%. 38
2.5
2. 23
4.@S

2. 33

1.86
X. 08
2. 47
4. 14
4. 15
2. 48
S. a7
2. 35
2. 29
. 04
1.79
.27
z.82
2. 83
S. 41
2. 68
1.15
2.56
4,31
S.33
2. 42
2. 22
Z.18
2. 47

8D / AAVG

ICO0S cALC
0.17

@.11 9.10
@. 18 @.29
@.12 @2.29
Q.11 Q. 35
2.15 @.34
@.11 @.33
@. 25 .37
2. 20 @. 32
2. 34 .38
.28

@.18 @.31
Q.26

2. 26 2. 36
2. 20 2. 32
2. 16 @. 30
0. 22 Q. 33
2. 21 Q.33
2. 34 @. 38
@. 39 2. 36
a.32 Q.41
@. 135 @.29
2.24 .35
8. z2e 3. 49
a. 2% a.3e
2.17 2. 34
@. 23 Q.37
a.27 @.38
3. 41 @. 45
8. 30 @.41
a. 23 Q.37
Q.37 @. 41
2. 23 @.37
Q. 22 Q.36
2. 19 0. 31
@.17 2. 35
a. 26 @.39
d. 23 @.34
@. 36

@. 38 @. 44
a.2 @. 37
a. 21 @. 23
@.26 @.37
Q. 42

a. 23 @.45
@. 25 a.37
2. 24 @. 37
@.1%5 @.29
2. 20 a.35

VAR / AAVGT2

1Cos

Q.01
2. e
2. 01
2. 01
@. ez
2. 21
2. 26
2. 24
2. 12

2.0z

2. a7
2. 24
a. @3
Q. @5
2. @85
@.11
Q.13
2. 10
a. 8z
2. a6
2. a5
2. @6
Q. az
2. 05
2. a7
@a. 17
2.23
Q. a5
2. 13
a. 05
2. @5
Q. 24
2. a3
@a. 07
2. @5

@. 15
Q. a7
@. 24
Q. a7

a. a5
2. 26
@. 25
a. a2
Q. 04

cAat.C

3. 0%
a.e1
2.10
2. 14
3. 14
8. 16
@. 18
A.36
@.13
@.x1
a. es
2. 15
2. a7
a.11
@. 16
@. 30
9. 16
« 26
a. 13
2.12
@. 16
@. 16
@.11
@a. 22
Q.11
@.17
@. 14
a. 16
a.17
@. 41
a. 24
@.12
a.10
a.2
@.13
2. 38
@. 15
@.13
3. 13
@. 14
@. 38
2. 14
Q.32
Q.17
.19
a. 30
@.10
a.17

Q. 2z
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TABLE A-5. LINEAR AND STATISTICAL RATIOS (Continued)

FRAG NO. 8D / ARVG VAR / ARVG+2
MEW OLD €D L/T W/ T L /T W /T ICOS CALC 1Cos CALC
51 37 é. 96 g.69 4. 35 5. 61 2.86 @. =5 0. 37 2. @6 a.ze
92 &1 @. 96 15. 98 E&. 85 9. 11 .89 8. 35 @. 43 2.12 @.17
853 la a. 86 7.37 3. 69 4. 350 2.68 Q. 22 @. 34 2. @s a. 33
S4 19 @a.97 16. 22 8. 46 9.12 4.83 @. 35 Q. 46 8. 12 @.43
S5 a7 2. 98 14,23 5.18 7.66 3.64 3. 41 @.17
=1 71 a.98 15. 34 6. 08 8. 74 I. 72 8. 36 @. 42 @.13 @a.14
=14 15 A. 96 7.03 4.69 4,329 J.04 @.21 @. 36 0. @5 a.35
58 z8 @.93 7.41 3.99 S.11 2.81 @. 25 a.35 2. @6 @.19
59 a4z @.3e 7.88 3. 15 5. 96 2.33 @.19 a. 33 @. 04 @.17
(=1] 75 @.99 10. 34 3. 94 €. 86 2.81 Q.28 2. 37 2. @8 @.12
&1 S6 @.33 S5. 02 4. 05 3. 34 2. 73 @. 32 2. 12
B2 9 2.99 12,13 S. 66 8.91 4.58 2. 41 Q.17
= a1 a.99 11.55 3.85 7.97 2.77 @. 22 8. 37 0. @5 @.11
64 B4 i.00 18. 33 S.50 18. 929 3.32 Q.33 @. 42 2.11 2.11
BS a3 1.01 15.70 5.74 12.85 4.83 8. 42 2.18
=1 34 i.ez 7.04 3. 40 « 27 2.86 a. 33 @.11
&7 23 1.2 &.66 363 4. 46 2. 44 2. 22 2. 33 9. 25 a.24
€8 59 i.e> 10.38 €. 49 6. 57 4.8 2. 38 Q.41 2. 14 .17
63 1) 1.2 1e.12 3.87 10. 20 2.59 8. 29 @a.38 e. 28 @.15
70 48 1.4 7.85 5. 29 4. 09 3.38 2. 28 a. 37 0. @8 2.19
71 S1 1.85 1z2. 06 3. 62 €. 30 1.83 Q.24 @. 36 8. 06 @.16
Py 7 1.@85 8.51 4.25 5.19 2. 84 Q.23 @. 36 2. @5 @.39
73 & 1.06 .66 4.33 5.53 3.23 2. 24 a. x7 2. 86 @.40
74 €6 1.06 7.39 5. 28~ S5.21 I. 80 a.30 @. 37 2. @9 8. 15
75 50 .11 5.91 J. 94 2. 82 2.18 2.19 2. 33 @. a4 @.16
76 5S4 i.11 17. 44 7. 83 18. 63 5.36 2. 43 @. 45 @. 18 a.19
77 S8 1.12 T 02 4. 34 6. @26 2. 47 2. 30 Q. 39 2. @3 2.16
78 49 1.14 7.16 4. 40 4.25 2.70 9. 25 a. 36 2. 26 Q.18
79 36 1.16 10. 13 4.73 €. 26 2.95 .29 Q. 38 2. @8 2. 21
o) 52 1.16 10.21 S. 10 5. 86 3.36 @. 34 @. 39 0. 12 2.18
81 22 1.18 12.99 5.2 8. 24 3.01 0. 29 @. 40 Q. as a. 28
82 S 1.19 17.87 4. 47 11.12 2.94 “. 31 Q. 40 0. 10 2.39
S =26 1.18 11.05 4. 42 5. 46 2.55 Q. 26 Q.38 a. a7 24
84 19 1.21 7.30 4. 38 4.998 3.38 8. 28 @. 36 0. @8 a.31
85 &6 1.24 15.82 S. &4 10. @7 4.75 @. 42 @.17
EE 20 1.24 11.10 F. 2 6. 84 2.92 Q. 24 @. 35 2. 06 @.21
87 77 .29 14.74 4. 54 9. 36 3. 11 2.3 Q. 40 2. 11 @.12
1215] I8 29 9. 24 4.62 4.89 2. 69 8. 22 Q.38 @. @5 @. 22
89 pe” 1.29 11.15 S. 15 5. €1 2.92 2. 23 2. 40 @. @5 2. 31
=] 25 1.30 11.19 4. 48 7.10 333 a. 32 2. 38 2. 10 @.25
a1 79 1.31 13. 35 5. 60 7.76 3.65 a. 32 @. 41 0. 10 a.12
9z 28 1.3 8.12 .75 4. 19 2. 16 @. 22 8.35 2. @5 Q.22
93 8 1.34 14.15 7.07 8.45 4.78 2. 33 @. 43 @. 11 2.4
94 21 1.x8 14.04 S5.61 g. 48 3. 56 @. 34 @. 41 0.1z 2.0
a5 92 1.42 19.67 6. 86 11.16 S5.31 Q. 44 - 20
96 24 1.48 7.31 5. 85 §. 22 4.28 a. 34 a.38 a.12 Q.26
HEADINGS

L. — AVERAGE LENGTH W - AVERAGE WIDTM T — AVERAGE THICKNESS

L’ = MAXIMUM LENGTH PLUS AVERAGE LENGTH

W' = MAXIMUM WIDTH PLUS AVERAGE WIDTH

T' = MAXIMUM THICKNESS PLUS AVERABE THICKNESS

SD - STANDARD DEVIATION OF PRESENTED AREAS (SQ. IN.)»

VAR ~ VARIANCE OF PRESENTED AREAS (IN. 4TH)

AAVG+Z - AVERAGE PREGSENTED AREA SRUARED (IN. 4TH)D

ICOS — AREAS CALCULATED FROM ICOSAHEDRON GAGE DATA

CALC - AREAS CALCULATED FROM APPROXIMATING RECTANGULAR PARALLELAEPIPEDS

A-13




FRAG NO.
NEW OLD
1 2
2 a5
X X
4 70
S 44
6 &2
7 SX
5] 41
9 11
10 57
11 35
12 =1
13 45
14 e9
15 82
i6 40
17 13
18 46
19 18
28 73
21 76
22 63
23 3
24 74
25 39
26 (=)
27 a7
28 €9
29 55
32 64
31 12
T2 27
K a3
34 78
35 32
XE (=]}
37 4
I8 &7
X9 &8
40 =1
4l 72
42 9
43 1
44 17
45 es
46 43
47 1€
48 00
49 31
50 29

Cch
Q.42
2. 50
2. 64
a.71
a.72
@.73
2. 76
3.76
@.7¢6
f.78
@.79
@.79
Q.80
@a. 80
a.e1
d.82
2.83
@.83
9.83
a.84
2.84
@. 86

@.86

2. 8
2. 86
2. 86
@.87
a.87
a. ee
a.e8
@.88
2.89
@. 89
@. 96
2.9
@.90
@.91
@. 92
a. 92
9.93
@.93
@. 9%
2.94
@.34
@. 95
9.95
@. 95
@. 96
@. 96
@. 96

TABLE A-6. PERIMETER RATIOS

LWP/LTP LWP/TWP LTP/TWP LWP/LMAX

1.00
1.8
1. 00
1.01
i.@e8
1.25
1.12
1.85
22
1.07
i.10
1.07
1.10
1.01
1.37
1.00
1. 16
1.25
1.11
1.36
1.17
i.09
1.18
1. 1€
1.62
1.18
1. 24
1.14
1.11
1.67
1.38
1. 11
1.54
1.21
1.0%
1. 06
1.@9
1.29
1.04
i.16
1.31
i.14
1.02
1.14
1. 16
1. 16
1.@5
1.@9
1.10
1. 04

NSWC TR 87-89

1.0
1.18
1.00
2.03
1.47
1.98
2.14
1.07
1.87
1.70
2.42
1.74
i. 50
1.48
1.42
1.90
1.19
1.69
1.69
1.68
1. 69
2.57
1. 35
1.54
1.70
2.2%
1.60
2.2%
2.89
1.96
1.57
2.34
1.63
2.58
2.09
1.5
1.36
2. 34
1.06
2.78
2. 05
2.04
2. 88
2. 00
2. 44
3.74
2. 46
3.03
1.31
1. 96

A-14

1.00
1.08
1.002
2.00
1.36
1.58
1.91
1.@2
1.54
1.59
2.21
1.63
1.36
1.47
1.083
1.90
1.7
1.76
1.52
1.23
1.44
2,35
1.15
1.33
1.04
1.93
1.35
1.97
2.39
1.17
1.14
2.11
1.05
2,13
2. 03
1.45
1.25
i.81
1.02
2. 40
1.57
1.79
2.82
1.75
2.10
I. 22
2.3
2.77
1.18
1.88

.14
J.04
4. 03
2. 42
2.8%
3.04
2. 81
2.57
2.7
2.33
2.29
2.28
2.52
2,22
2.90
2.21
2.78
2.82
2.25
J. 11
2. 39
Z. 41
2.40
2.53
3.21
2.58
2.E8
2.57
2.40
3. 26
2,93
2. 47
3.23
2.61
2.17
2. 36
2. 56
2.62
2. 27
2.42
2.57
2. 47
2.82
2. 34
2.37
<.68
2.12
2.33
2.56
2.31

TWP/WMARX
. 14
2. 91
4. @3
3.03
2. 74
3. 12
2.84
2. 47
2. 1%
2.22
2. 66
1.71
2. 37
2. 60
2. 31
2,32
2.43
1.97
2. 955
2,18
2.42
1.96
1.95
2.59
2.38
2' 13
2. 82
2.10
2.259
2. M
2,22
1.96
2. 20
2. 48
2. 32
2. 56
2. 92
2. 25
3. 44
2. 21
2. 12
2. 59
3.92
2. 38
2. @5
2. 31
2.73
2.59
2. 34
2.20

R
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TABLE A-6. PERIMETER RATIOS (Continued)

NEW OLD cD LWP/LTP LWP/TWP LTP/TWP LWP/LMAX

FRAG NO.
51 37 @. 96 1.13
52 &1 2. 36 1.12

53 14 2.96 1.25
S4 10 @.97 1.45

55 87 9. 98 1.35
56 71 @.98 1.15
57 15 @.98 1. 16
S8 38 @.98 1.e8
99 a4z @. 98 i.e8
60 75 @.99 1. 10
61 26 @.99 1.39
&2 91 .99 1.42
63 81 2. 99 1. 00
64 84 1.00 1. 36
65 93 1.01 1.32

€6 94 1.02 1.26
&7 23 1.02 1.14

&8 59 1.3 1.54
€9 =13 1.083 1.03
70 48 1.84 1.39
71 S1 1.@85 i.e3
72 7 1.85 1.20
7% () 1.06 1.20
74 &6 1.06 1.47
75 S50 1.11 1. 26
76 G4 1.11 1.22
77 58 i1.12 1.13
78 49 1.14 1.35
79 36 1.16 1.09
g0 S2 1.16 1. 34
a1 22 1.18 1.020
82 S 1.19 1.04
83 2 1.19 1.27
84 19 1.21 1.32
85 86 1.24 1.31
86 - 30 1.24 1.09
a7 77 1.29 1.19
=1] 34 1.29 1.19
89 pra 1.29 1.20
90 23 1.30 1. 24
91 79 1.31 1. 41
92 =8 1.33 i.06
93 8 1.34 1.18
94 21 1.38 1.11
95 92 1.42 1.38
96 24 1.48 1.34
HEADINGS

LWP — PERIMETER IN LW PLANE
LTP - PERIMETER IN LT PLANE
TWP - PERIMETER IN TW PLANE
LMAX - MAXIMUM LENGTH (IN.)
WMAX - MAXIMUM WIDTH (IN.)

1. 99
2. b6
1.4
2.29
2.41
2. 8%
1.63
1.90
2. 43
2. 07
1.58
2. 29
L. 64
3. 41
3.95
1.83
1.66
1.64
3.25
1.42
2.89
1.79
1.71
1.60
1.44
2.10
2.14
1.88
2.14
1.92
2.78
2.90
2.22
1.66
2.10
2.25
2.74
1.91
1.87
1.84
2. 65
1.7@
1.86
2. 30
2. 20
1.64

CINGD
CINGD
CINGD

1.76
2.19
1.19
1.59
1.78
2. 46
1.41
1.7
2.25
1.88
i.14
1.61
2. 64
2.52
J. a2
1.45
1.486
1.06
3. 14
1.82
2.81
i.5@
1.42
1.09
1.15
1.72
1.89
1.40
1.97
1.43
2.78
2.680
1.75
1.26
1.61
2. 07
2.31
1.61
1.55
1.48
1.88
1.61
1.57
2. 07
1.60
1.23

2.37
2.30
2.88
2.32
2. 52
2.36
2.70

2.23

‘2. 46

2.41
2.98
2.69
232
2. 64
2.85
2.70
2.35
3. 04
2.14
<.90
2.16
2.56
2.51
2.78
J.29
2.51
2.37
2.96
2. 23
2.67
2.17
2.1@
2.62
2.87
2.61
2.26
2.30
2. 64
2.36
2.36
2.82
2.54
2.52
2.21
2.72
2.98

TWP/WMAX

2.29
2.20
2,59
2. 98
i.80
2.22
2. 22
2.10
2.65
2.51
2.29
2.11
2.20
2.16
1.67
2.48
2.58
2.16
2.38
2.28
2.64
2.50
2.21
2.34
2.59
2.16
2,30
2. 42
2.19
2.16
2.22
2.68
2. 22
2. 28
2.15
2.27
2.35
2.31
2.21
2. 40
2.12
2.64
2. 16
2.20
2. 07
2.16




FRAG NO.
NEW OLD
1 2
2 95
b X
[ 70
3 L
6 62
7 53
] 41
9 i1
10 57
11 IS5
pe 2]
13 a5
14 89
15 82
16 4@
17 13
18 46
19 ig
e~} 73
21 76
22 B3
23 33
24 74
25 9
2 2%}
27 a7
28 &9
29 55
Ia &4
31 12
32 27
I3 83
34 78
35 e
J6 =]
37 4
3 &7
39 &8
ua 85
a1 72
az 9
= 1
44 17
45 21
a6 a4z
a7z 16
48 {315]
49 1
S0 29

WEIGHT
GRAINS
1039. 4
15595. 1
B835.0
Se1.2
I54.9
489. 3
295.1
IFT. e
128. €
481.7
Ivz. 8
2006. &
I54.9
=Z00s. 7
804.8
J28. 7
130. 8
357.9
158.6
655. 4
715.9
4390. 9
280. 2
656.9
I2F. 9
S505.09
3g59.2
556, &
L43I2.7
495. 1
128.8
241.6
833. 7
7€7.0
277.4
484. 1
110.7
931.9
S547.9
1617.7
651.7
21.95
159. 2
15S. 5
1973. 2
152.8
150. 1
777.0
268.9
248.7

NSWC TR 87-89

TABLE A-7. MOMENT OF INERTIA RATIOS

CD
B. 42
0. 50
2. 64
2. 71
a. 72
8.73
2.76
2. 76
Q.76
.78
@a.79
9.79
0. 80
0. e
@.81
0. 82
@.83
2. 83
9. 83
3. 34
2. 84
a. 86
a. 86
2.86
2. 86
Q. €6
Q.87
@.87
0. 8
@. 88
@.88
@. 9
@. 89
2. 90
2. 90
@. 90
@. 91
a. 9z
2. 92
@. 9%
9. 93
a. 93
2. 24
@. 34
@. 95
@. 95
@. 95
@. 96
8. 3¢
9. 96

—————— GRAINS-INT2

1T IW

SPHERE: ALL RATIOS EQUAL 1.00

17687.4 14618.3

———

CUBRE: ALL RATIOS EQUAL 1.00

28.1 1@8. 6
S50, 2 37.3
152.1 133.7
9. 2 75. 3
S1.4 34.6
15.6 13, 1
89. 6 67.1
100, 2 91.6
1130.& 993. 9
S57.1 44.0
1180.0 1078. 5
252. 8 179. 2
63.8 S4.3
9.3 5.6
65. 8 51.6
28.0 26. 2
2@5.9 1431.8
232, 2 195. 1
206. 6 181.3
36.7 20. 4
L23I2. 3 208.0
€7.9 46. 1
151. 95 1¥8. 86
73. 3 $9.7
197.@ 169. 0
147.8 131.2
206, & 165. 7
13.7 7.0
46. 7 9.9
314,09 180. 4
S532. 4 503, 7
89.2 £4.0
94.0 7.5
9.8 7.6
205.7 178.6
146, 1 119. 1
1145, 9 Q9. 3T
J05,. 2 242, 6
14,8 12. 4
2%, 6 23. 3
=5.1 22.1
2611. 2 ST82. 4
2131 199. @
382 36 3
529, 4 1@, 2
N2 28.1
4z, 5 2%5. 6

A-16

L IT/71IW
7327. 6 1.21
26. 3 1.18
i6. @ 1.35
21.6 .14
17.3 i.2@
18. 8 1.48
2.8 1.19
26. 7 1.364
9.6 i.e9
198. 1 1. 14
15. 9 1.30
169. & i.@9
84.7 1. 44
18. 9 1. 16
4.2 1.65
15. 8 1.26
e .07
68. 1 1.45
61.9 1.29
27. 4 l1.14
9.5 1. 25
37.6 1. 16
2. 4 i.46
17. 6 1.@9
15.7 1,23
J1.3 1.17
18.7 1. 13
4z. 0 1.24
7.9 1.97
7.7 1.17
138.7 i.74
33.9 i.06
B. 3 1. 06
28. 1 1.33
2.5 1.2
<5. 6 1.15
Sl. 4 1.23
173.7 1.15
€6. 8 1.27
7 1.19
2.0 .02
3.4 i.14
244.7 i.10
14.7 1.@7
2.2 1.@5
J4. 3 1. @6
9.1 1.25
S.0 1.19

IT/7I0
2. 41

4.87
3.13
7.24
5. 21
2. 74
5. 52
3. 36
18. 46
S.71
3. 08
6. 97
2. 99
S. 80
2. 20
4. 11
11.80
JF. 03
4.08
7.62
3.84
6.17
3. a1
8.62
4.66
6. 29
7.90
4. 92
1.97
6. @7
<. 26
15.72
14.17
3.34
3. 97
6. 94
4.65
6. E@
4. 57
5. 57
11.67
7.34
18.67
14.50
17.72
18.72
.89

S. 32

IW/IL
1.99

4. 13
2. 33
6.19
4.35
1.84
4.63
2.32
9. 56
5. 82
2.76
6. 37
2. 07
S. 20
1. 3“
J. 26
11. @2
2.@8
3. 15
6.69
3. @8
S. 31
2. 06
7.90
3.79
3. 39
7. 01
3. 95
i.@e02
S.18
1.30
14.37
13. 33
2. 91
.10
6. 02
3. 79
5. 72
3. 60
4.66
11.49
€. 4%
9. 73
12.54
i16. 86
14.87
3. 10
4. 45

ITe2/
IL+]Iw

2. 92

S.74
4, 22
8. 00
6. 24
4, Q6
6. 58
4.350
11.44
6. 49
4,65
7.63
4,31
6.73
I.63
5. 18
12. 684
4,33
8. 27
8.68
4. 80
717
4,41
9. 41
8. 72
7.33
8. 90
6.12
J. 88
7.10
3. 94
16.61
15.05
4. 4%
S5.09
7.99
5. 703
7.61
5. 80
6. 6%
11.8¢
8.35%
11.69
15. 53
18. 63
1b. 61
4,86
6. 33

e




FRAG NO.

NEW OLD
S1 a7
Sz 61
oS3 14
S4 1@
55 87
Se 71
S7 15
S8 it
S9 ax
(=37) 75
61 =
&2 a1
&2 &1
G4 &4
€5 92
€6 94
€7 23
&8 59
89 =56
70 48
71 S1
72 7
73 6
74 66
75 =
7€ 5S4
77 S8
78 439
739 I&
80 oo
=1 <2
8z S
83 26
84 i9
85 =3
! o]
g7 77
{=1>] 4
&9 =0
90 pacs)
©a 79
gz 28
93 ]
94 21
935 9z
=) 24

HEADINGS
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TABLE A-7. MOMENT OF INERTIA RATIOS (Continued)

WEIGHT
GRAINS
J09. 4
486.7
132.9
121.8
1798. 4
608. 4
135. 8
J13. 1
I35. 8
668. 5
23413.5
2035, 6
782. 2
8EE. =
J148. 0
I278. 2
213. 8
083. 2
455. 9
360@. 2
398. &
115. 2
1135. 2
519. 6
381.8
404.6
464.8
I70. =
J8a.8
I93. 3
203.7
112. &
239. 4
161.1
1e50. 8
255. 1
719. 1
291.1
178. 2
236. 4
776.7
264.8
113.7
1688. 5
27683 3
$14.6

cD
8. 36
@. 96
2. 36
0. 97
2. 98
2. 98
<.98
@. 98
2. 98
Q.99
9.99
2. 99
@.99
1.0
1.01
1.02
1.02
1.0
1.0
1.04
1.0%
1.83
IOBB
1.06
1. 11
1. 11
1.12
1.14
1. 16
1. 16
1.18
1.19
1.19
1.2%
1.24
1. 24
1. 28
1.29
1.29
1. 50
« 31
1. 33
1. 34
1.38
1. 42
1.48

———=== BRAINS-INt2

IT
63 &
211.7
15.8
19.6
1848. 9
J@s. 3
13.2
S6.9
7.0
281.3
36972. 9
1859.2
417.2
708. 2
$5000. 1
2B/32.9
i8. 0
143.3
251.1
67.5
141. 8
12. 0
11.8
128. 2
66. 2
iea. 2
189. 8
7.9
69. 6
104.9
b464.3
25.5
521
18.3
169€. 2
66. 8
443. 4
59. 4
J0. 4
S51.4
4d7. 1
a1.8
1i8.0
41.0
4775.9

29. 3

Iw
51.2
179.5
11.3
14,7
1640. 9
269. I
9.3
46.9
64.0
267.9
35794. 6
1537.3
376. 3
651.6
4437, 6
L343 4
22,1
104. 0
2T8. 4
4b. 1
151.0
9.7
9.6
86. 4
a7.1
135.3
171.8
53. 2
57.7
86.7
38.4
26.0
45.3
1>, 7
1504, 2
61.9
4@7.0
48. 1
25.3
46.7
T84,
5.0
16,4
5.5
4268. 9
18.2

IT -~ MOMENT OF INERTIA ABOUT THE T AXIS

IW - MOMENT OF INERTYIA AROUT
IL - MOMENT OF INERTIR ARBOUT

IT/7IW — RATIO OF IT TO
ITZIL - RATIO OF IT TO
IW/IL = RATIO OF IW TO

IT+2/CILwIW)

= RATIO OF IT+2

THE W AXIS

THE L AXI1S
IW
L
IL

TO IL+IW

A-17

IL
13. 3
335.5
3.0
5' a
223.9
4z, 2
a. 3
13. 6
11.1
X7.9
23931.7
J43. 1
44.6
€0.3
6@8.0
581.4
6.9
41.2
1“' S
25. 2
12.6
2. s
2.5
44,9
21.6
27.7
20.0
20.7
1Z.0
1.8
SI a
1. 6
7.6
S.1
204, 2
5.8
aa. 3
12.4
.6
7.4
E6. &
7.9
30 7
5.8
S529. 3

11.8

IT/IW
1.23
1.18
1.23
1.3‘
1. 13
1.15
1.41
1.27
1. 14
1.13
1.59
1.21
1.10
1.09
1.13

)|
1.27
1.38
1.85
1.353
1. 08
1. 23
1, 2%
1.48
i1
1.20
1.10
1.35
1.21
1.24
1.15
1. 06
1.19
1.33
1.13
i.08
1.@9
1. 24
1. 20
1.15
1. 18
1.19
i1.24
1.15
b PR Py
1.861

IT/71IL
4.7%
6. 31
4. 64
J. 90
a. 25
7.3>
3.10
4.17
6. 59
7. 43
2.38
S. 42
9. 36

11.74
8.22
4. 87
4. @4
3. 48

i7.1a
2. 68

11. 21
4.73
4.73
2. 86
3. a6
5. 83
9. %0
T. 47
5. 35
4. 81
6. 97

16. 18
6. 68
3. 58
8.31

11. 52

11.01
4.78
S. 48
6. 92
6. 11
5. 32
4.91
7. 01
9. 82
2. 49

IW/IL
3. 85
3.35
3. 78
2. 92
7.33
6. 38
2.18
.30
3.77
6. 54
1.350
4.48
8. 48

10. 80
7.28
4. 03
J. 19
2. 33

16. 27
1.75

1@. 36
3. 84
3.84
1. ss
2.18
4.38
8. 60
2.56
4.4
3.88
6. @5

15. 28
s. ”
2.69
7.37

18. €9

10. 10
3. 87
4.35
6. 01
S.17
4.45
3.95
6. @88
8. a7
1.5%

IT+2/
ILwIW
S. 86
7. 44
5. 68
S 21
9.31
8.41
4.39
5. 28
7.392
8. 43
3. 79
6.3%
190. 32
12.78
9. 29
5.89
S.12
4.80
18. d6
4.11
12.13
%. 8%
S. 83
4,24
4.38
7.01
12. 59
4.69
6. 45
S. 95
£.04
17. 14
7.91
4.78
9.37
12. 42
11.99
S. 91
6.39
7.97
7.23
6. 39
E.11
£.0%
18. 10
4.0
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APPENDIX B
FRAGMENT PHOTOGRAPHS
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Photographs of fragments 1 througn 98 are contained in this Appendix. The photographs show the
shapes and sises of the fragments. Comparison with Appendixes C and D present » good description of the
overall fragmant shapes and sizes.
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FRAGMENTS 1 THROUGH 4

FRAGMENTS 5 THROUGH 8
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FRAGMENTS 9 THROUGH 12

FRAGMENTS 13 THROUGH 16
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FRAGMENTS 21 THROUGH 24
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FRAGMENTS 25 THROUGH 28

FRAGMENTS 29 THROUGH 32
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FRAGMENTS 33 THROUGH 36

FRAGMENTS 37 THROUGH 40

B-8




NSWC TR 87-89

FRAGMENTS 45 THROUGH 48

B-9
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FRAGMENTS 49 THROUGH 52

FRAGMENTS 53 THROUGH 56

B-10
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FRAGMENTS 65 THROUGH 68

FRAGMENTS 69 THROUGH 72

B-12




NSWC TR 87-89

FRAGMENTS 57 THROUGH 60

FRAGMENTS 61 THROUGH 64
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FRAGMENTS 73 THROUGH 76

FRAGMENTS 77 THROUGH 80
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FRAGMENTS 85 THROUGH 88

B-14
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*RAGMENTS 89 THROUGH 92

FRAGMENTS 93 THROUGH 94

B-15




NSWC TR 87-89

FRAGMENTS 95 THROUGH 96

B-16

i,
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APPENDIXC
VERTICAL WIND TUNNEL TEST RECORDS
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This appendix contains the individual test records for the 98 fragments tested in the vertical wind tunnel.
Each record contains three diagrams (views) of the fragment which are faithful representations of the
fragment shape but not to scale. The dimensions of the threa views can be inferred by reference to Table A-2
of Appendix A and the plan views in Appendix D.

Each record shows the axes about which fragment motion in the wind tunnel is referenced in the

comments at the bottom of the test record. The calculated Cp and the values of variables necessary to
calculate it are also given. In all cases the area refers to the average presented area of the fragment.
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DATE  3/20/88
TEST NO. 210
I —
AA s
FRAGMENT | weiGHT AREA PRESS TemP penaity | vewoem o
NUMBER ) () (Hg-mm) g | SwuG/nn) | e
1 38218 00234 0.0 5 002378 2.8 2384768
COMMENTS: PARALLELEPIPED HAS REPLACED THE 1.628 SPHERE AS FRAGMENT # 1
ROTATES ARGUND L AXIS AND IF DISTURSED WKL START TO CONE
AROUND THE SAME AXiS
FIGURE C-1. TEST RECORD FOR FRAGMENT NO.1
T
e )
A / 1)
A /
DATE  3/28/88
TEST NO. 210
RUN NO. 2 AA
(%Y
FRAGMENT | WEIGHT AREA PRESS TEMP oeusity | vewociry o
NUMBER ) i) {Hg-mm) tdeg ) | (SLUG/HD | (hve)
2 1472 00848 7024 as 002438 2289 42328

COMMENTS: SPHERE

FIGURE C-2. TEST RECORD FOR FRAGMENT NO. 2
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T L
|
]
2 w
A
ale
DATE 3/28/88
TEST NO. 210
RUNNO. 3
A-A [ J )
FRAGMENT | WEIGNHT AREA PRESS TEMP DENSITY | VELOGITY co
NUMBER e () {Hg-mm) {deg F) (SLUG/ 1Y) (LY
3 a1 00803 7824 | « 002438 118 83010

COMMENTS: CUBE (X) WILL ROTATE AROUND ANY AXIS

FIGURE C-3. TEST RECORD FOR FRAGMENT NO. 3

DATE 3/28/88
TEST NO. 210 A D

RUN NO.
v Ol\

A-A -8
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER (w) (141 {Hg-mm) {deg F) {SLUG/ 1Y) {tt/s)
4 0188 002084 7884 7 002291 X 91220

COMMENTS: TUMBLES IN ALL DIRECTIONS

FIGURE C-4. TEST RECORD FOR FRAGMENT NO. 4
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2V
DATE 3/28/88
TEST NO. 210 Q
AA 38
FRAGMENT | WEIGNT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER {») ) {Hg-mm) {deg F) {SLUG/ 1) {h/s)
| 01804 00288 7848 82 002281 [ 1 K] 1.18802

COMMENTS: ROTATES ALONG THE LONGITUDINAL AXIS AND WILL CONE ABOUT THE

FIGURE C-8. TEST RECORD FOR FRAGMENT NO. 5

v L

4R

e ’
3%V

A
[ ]
DATE 3/28/88
TESTNOQ. 210
RUNNO. 8 <3 T
A-A -8

FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY co

NUMBER (] (n?) {Hg-mm) (deg F) {SLUG/ 1Y) {t/s)

] 01817 00208 784.8 82 002261 [ )] 1.08828

COMMENTS: ROTATES ARQUND BOTH T AND L AXIS — WHEN DISTURBED, IT TUMBLES

FIGURE C-6. TEST RECORD FOR FRAGMENT NO. 6

.
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DATE 3/20/84

TESTNO. 210 a m

(] .
UNNO. 7 AA .
FRAGMENT | wrIGHT AREA PRESS TEMP DENSITY | velociTy co
NUMBER () ) {Hg.mm) (deg F) 1Wa/te) /el
? 01648 002108 7548 a2 002261 8 1.08374

COMMENTS: WILL ROTATE ABOUT THE L AND W AXIS

FIGURE C-7. TEST RECORD FOR FRAGMENT NO. 7

A
[}
DATE 3/29/88
TESTNO. 210 Y’::
RUNNO. 8 {7\‘9
A-A 88
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY <o
NUMBER (W} trd) {(Hg-mm) {deg F) {SLUG/13) th/s)
s 0171 .002603 788.3 [ 002331 4.9 1.33820

COMMENTS: ROTATES AROUND THE L AXIS

FIGURE C-8. TEST RECORD FOR FRAGMENT NO. 8
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A
A
)
DATE  3/29/85
TESTNO. 210
RUNNO. 9 Q @
A-A 8-8
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER (1) () (Hg-mm) egF) | iSLUG/td) | (tv/a)
9 01738 002481 755.3 e .002331 8 92624
COMMENTS: ROTATES AROUND L AND T AND ALSO CONING AROUND THE L AXIS
FIGURE C-9. TEST RECORD FOR FRAGMENT NO. 9
T
/ . )
A /
s
DATE  3/29/86 /
TESTNO. 210 g v
RUNNO. 10
A-A B-B
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER iIb) i) (Hg-mm) (deg F} | (SLUG/#3) [  (#t/9)
10 0174 003013 755.3 82 002349 713 96720
COMMENTS: ROTATES AROGUND L AND W

FIGURE C-10. TEST RECORD FOR FRAGMENT NO. 10
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A
A 8
DATE 3/29/85
TEST NO. 210
RUN NO. 11 LY m&
A-A B8-8
FRAGMENT | WEIGKT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER {Ib) 12} {Hg-mm) (deg F) (SLUG/113) ift/9)
1 08137 0023307 766.3 81 002363 93.8 76142

COMMENTS: AT LIFT OFF IT WAS SPINNING FLAT AROUND T — THEN WOULD ROTATE
AROUND ALL 3 AXES

FIGURE C-11. TEST RECORD FOR FRAGMENT NO. 11

/] :
AV EE

Als
DATE  3/29/85
TESTNO. 210
RUNNO. 12 = Q
W B-8

FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY o
NUMBER {1b) i#2) {Hg-mm} ideg F) | (SLUG/#3) | (f1/s)

12 0184 0023224 785.3 1 002353 87.4 88189

COMMENTS: LIFT'S OFF FLOATING FLAT. THEN ROTATES AROUND ALL 3 AXES

FIGURE C-12. TEST RECORD FOR FRAGMENT NO. 12
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DATE 3/29/88

TEST NO. 210 d b

RUN NO. 13
A-A 8-8
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER (Ib} (#2) {Hg-mm) {deg F) (SLUG/1e3) (ft/9)
13 01868 00198 756.3 81 002363 98.7 83156

COMMENTS: ROTATES AROUND L AND W — GOES FLAT AND THEN TUMBLES

FIGURE C-13. TEST RECORD FOR FRAGMENT NO. 13

A B
DATE 3/29/88
TEST NO. 210 m
RUN NO. 14 Q
A-A B-B
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY co
NUMBER {ib) h?) {Hg-mm) {deg F) (SLUG/113) (ft/s)
14 .01898 00236 758.4 61 002384 84.2 96379

COMMENTS: ROTATES AROUND L TO START AND THEN TUMBLES

FIGURE C-14. TEST RECORD FOR FRAGMENT NO. 14
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A 8
DATE 3/29/85
TEST NO. 210 & E::}
RUN NO. 15 A-A B-8
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | vELOCITY cp
NUMBER {Ib) (#2) {Hg-mm) (deg F) (SLUG/1t3) {tt/s)
15 01936 002373 756.4 61 002364 84.2 97770

COMMENTS: ROTATES IN L AXIS THEN W

FIGURE C-15. TEST RECORD FOR FRAGMENT NO. 15
T L
(/
/*H B w
A
A
B
DATE 3/29/86 O t:?

TEST NO. 210
RUN NO. 18 A-A 8-8
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY cD
NUMBER {Ib) (h2) (Hg-mm) {deg F) {SLUG/ 1Y) (tt°s)
16 02144 002918 756.4 61 002364 81 98148

COMMENTS: ROTATES AROUNDLAND T

FIGURE C-16. TEST RECORD FOR FRAGMENT NO. 16
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8
DATE 3/29/88
TEST NO. 210 @ E::)
RUN NO. 17 . A-A 8-8
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY cD
NUMBER {Ib) {tt2) {Hg-mm) (deg F) {SLUG/1t3) ft/s)
17 .02221 002649 755.4 64 002340 87.4 93812

COMMENTS: STARTS OFF AROUND THE L AXIS THEN TUMBLES

FIGURE C-17. TEST RECORD FOR FRAGMENT NO. 17

NV

L .
3 w

DATE 3/29/85 m E : :

TESTNO. 210

RUN NO. 18 A-A 8-B
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY cD
NUMBER {ib) {#?) {(Hg-mm} {deg F) (SLUG/113) {ft/s)
18 02286 .002838 758.4 (11 002340 938 83444

COMMENTS: STARTS OF ROTATING AROUND W AND THEN TUMBLES

FIGURE C-18. TEST RECORD FOR FRAGMENT NO. 18

C-12




NSWC TR 87-89

T L
o
Z & w
. / .
A
A
B
TESTNO. 210
AA 8.8
RUN NO. 19
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY o
NUMBER {ib) ) {Hg-mm) deg B} | tSwwa/nd) | (ta)
19 .02301 00248 758 o6 002330 ) 1.21386

COMMENTS: FLAT SPIN AROUND T

FIGURE C-19. TEST RECORD FOR FRAGMENT NO. 19

1 .

NV
A,/&@

DATE 3/29/88

TEST NO. 210

RUN NO. 20 A-A B-B
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY . cb
NUMBER ) (t2) {Hg-mm) (deg F) (SLUG/113) {tt/a)
20 02546 ,003043 756 67 .002328 748 1.29328

COMMENTS: FLAT ROTATION

FIGURE C-20. TEST RECORD FOR FRAGMENT NO. 20

C-13




NSWC TR 87-89

A
B
DATE  3,29/88 N CC)
TESTNO. 210
A-A 88
RUNNO. 21
FRAGMENT | WEIGHT AREA PRESS Temp | oensity | verociry co
NUMBER o) () Ho-mm) | (degh) | (SGe) | iy
21 02693 00331 788 67 002325 73 137669
COMMENTS: FLAT SPIN AND TUMBLE
FIGURE C-21. TEST RECORD FOR FRAGMENT NO. 21
T L
* s w
a
A
8
DATE  3/29/88
TESTNO. 210 C:B
RUNNO. 22 A-A 8-8
FRAGMENT | WEIGHT AREA PRESS TEMP | DENSITY | VELoCITY o
NUMBER {1b) (1) (Hg-mm) | (degF | (SLUG/t) | (tva)
22 0201 .00380 758 67 002328 748 1.18369

COMMENTS: STARTS ROTATING AROUND L THEN TAND W

FIGURE C-22. TEST RECORD FOR FRAGMENT NO. 22

C-1
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NSWC TR 87-89

&
A
A leg

DATE 3/29/885 K:} m
TEST NO. 210
RUN NO. 23 A-A 88

FRAGMENT | WEIGHT AREA PRESS TEMP pexsity | veLociry co

NUMBER (ib) () {Hg-mm) {deg F) {SLUG/ft3) (tt/s)
23 03084 00318 755 67 002328 90.6 1.01604
COMMENTS: ROTATES AROUND T THEN L
FIGURE C-23. TEST RECORD FOR FRAGMENT NO. 23
T t
/;. "
8
Iy
A
8

DATE  3/29/85
TEST NO. 210 [ —— Q
AUN NO. 24 AA BB

FRAGMENT | weIGHT AREA PRESS TEMP DENSITY | VELOCITY co

NUMBER (ib) 1) {Hg-mm} {deg F) (SLUG/113) #/3)
24 03066 00320 785 &8 002321 74.8 1.48354

COMMENTS: ROTATES AROUND T TO START IN A FLAT SPIN

FIGURE C-24. TEST RECORD FOR FRAGMENT NO. 24

C-15




NSWC TR 87-89

8
A
A
8
DATE  3/29/88 5:7 'CD
TEST NO. 210
RUN NO. 25 AA 88
FRAGMENT | WEIGHT AREA PRESS TeEmp OENSITY | vELOCITY o
NUMBER (] () (Mg-mm) (deg F) (SLUG/13) ivs)
28 03377 0036779 788.2 . 002331 7s 1.30188
COMMENTS: FLAT ROTATION AROUND T
FIGURE C-25. TEST RECORD FOR FRAGMENT NO. 25
T L
/ .
* > w
A /
8
A
DATE  3/29/85
TEST NO. 210 Q
AUN NO. 26 A-A 8-8
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | vetocity o
NUMBER {ib) 1) {Hg-mm) ideg i) | (stuG st {tt/s)
26 0342 00378 7861 s 002330 ) 1.18999

COMMENTS: FLAT SPIN AROUND T AND ALSO ROTATES AROUND THE L AXIS

FIGURE C-26. TEST RECORD FOR FRAGMENT NO. 26

C-16




NSWC TR 87-89

DATE 3/29/88

TEST NO. 210
RUN NO. 27
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER () (n) {Mg-mm) {deg F) {SLUG/ 1) th/s)
27 03481 00377 758.1 1] 002330 2.8 89304

COMMENTS: ROTATES AROUND ALL 3 AXES

FIGURE C-27. TEST RECORD FOR FRAGMENT NO. 27

8
> w
A f
8
A

DATE 3/29/86

TEST NO. 210 G)

AUN NO. 28 A-A 8-8
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER {Ib) {12 (Hg-mm) ldeg F) | (SLUG/13) #/s)

28 03497 | .0037181 785.1 s .002330 778 1.33482

COMMENTS: FLAT SPINNING AROUND T

FIGURE C-28. TEST RECORD FOR FRAGMENT NO. 28

C-17




DATE 3/29/88

NSWC TR 87-89

/

4R

X

TEST NO. 210 Q Cm
RUN NO. 29 o ~
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | velociTy o
NUMBER ™ ) (Hg-mm) | tdeg P | (WG| (e
29 03883 00382 788 %) 002327 Y 28877

COMMENTS: ROTATES AROUND TAND L

FIGURE C-29. TEST RECORD FOR FRAGMENT NO. 29

DATE 3/29/088

TEST NO. 210
RUN NO. 30
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER {ib) th?) (Hg-mm) ({deg F) {SLUG/ 1Y) (tt/3)
30 03844 .00387 756.5 87 002327 84.2 1.23743

COMMENTS: ROTATES AROUND TAND L

FIGURE C-30. TEST RECORD FOR FRAGMENT NO. 30
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NSWC TR 87-89

A
B
A

DATE 3/29/98

“EST NO. 210 D &
RUN NO. 31 AA 3-8

FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY co
NUMBER () () {Hg-mm) {deg F) {SLUG/13) (tt/9)
n 03847 00322 788 e 002324 103.8 98830

COMMENTS: ROTATES AROUND T AND L

FIGURE C-31. TEST RECORD FOR FRAGMENT NO. 31

A
A a\/
DATE  3/29/8% O
TEST NO. 210
A-A

AUN NO. 32 a-8

FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY cD

NUMBER (b) {3} {Hg-mm) (deg F) (SLUG/1t3) (ft/ )

32 03983 00432 758 (1] 002324 83.8 89728

COMMENTS: ROTATES AROUND TAND L

FIGURE C-32. TEST RECORD FOR FRAGMENT NO. 32
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NSWC TR 87-89

A .
DATE 3/29/88
RUN NO. 23 AA XY
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY co
NUMBER {v) ) {Hg-mm) (deg F) {SLUG/1Y) (te/s)
33 04003 00333 788 (] 002318 109.9 88074

COMMENTS: ROTATES AROUND T AND L

FIGURE C-33. TEST RECORD FOR FRAGMENT NO. 33

DATE 3/29/88

TEST NO. 210 % %
RUN NO. 34 A-A ™

FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY co
NUMBER {ib) ) {Hg-mm) {deg F) (SLUG/ 1Y) (/)
34 04189 00423 785.8 a9 002318 81 1.29209

COMMENTS: ROTATES ARGUND ALL 3 AXES

FIGURE C-34. TEST RECORD FOR FRAGMENT NO. 34
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NSWC TR 87-89

* / > w
A
s
AV
DATE 3/29/88
TEST NO. 210 Q D
AA

RUNNO. 38 v
FRAGMENT | WEIGNT AREA PRESS TEMP DENSITY | vEwoCITY o
NUMBER (Y] (n) (Hg-mm) {deg F) 1SLUG/ 1) tt/s)

n 04326 00471 7888 . 002318 100.3 78774

COMMENTS: STARTED OFF ROTATING ARDUND L AND THEN WENT INTO ALL 3

FIGURE C-35. TEST RECORD FOR FRAGMENT NO. 35

DATE 3/29/88

R S
RUN NO. 38 e 88
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY cb
NUMBER {ib) {t?) {Hg-mm) {dag F) {SLUG/ 1Y) th/s)
3s 04384 00427 788.8 b2l 002309 87.4 1.18517

COMMENTS: ROTATES AROUND T AND L

FIGURE C-36. TEST RECORD FOR FRAGMENT NO. 36

c.21
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NSWC TR 87-89

LV “'

DATE 3/29/85

TEST NO. 210 Q Q
RUN NO. 37 A-A B-B

FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY co
NUMBER 'ib) (12} (Hg-mm} (deg F) {SLUG/#13) (ft/s)
37 .0442 00422 766.6 ral 002309 971 96223

COMMENTS: FLAT SPIN AND AROUND L

FIGURE C-37. TEST RECORD FOR FRAGMENT NO. 37

e
3%y

A (B

DATE 3/29/88

A-A

RUN NO. 38 8-8

FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY cb
NUMBER {Ib) (112) {Hg-mm) {deg F) (SLUG/113) (f1/3)
38 04473 00381 755.6 71 l 002309 101.9 97934

COMMENTS: FLAT SPIN AND ROTATES AROUND L

FIGURE C-38. TEST RECORD FOR FRAGMENT NO. 38
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NSWC TR 87-89

A B
DATE  3/29/85 ,
RUN NO. 39 AR 8-8
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER (1b) (12) {Hg-mm) deg F) | iSLUG/1) | (f/s)
39 04627 .00495 7585 72 002304 97.1 86080

COMMENTS: ROTATES AROUND ALL AXES

DATE 3/29/86

FIGURE C-39. TEST RECORD FOR FRAGMENT NO. 39

TEST NO. 210
RUN NO. 40
FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY cb
NUMBER {Ib) (#12) {Hg-mm) (deg F) (SLUG/#13) {ft/s)
40 04883 00434 768 72 002304 108.7 817486

COMMENTS: ROTATES AROUND T AND L AND THEN CONING

C-23

FIGURE C-40. TEST RECORD FOR FRAGMENT NO. 40




NSWC TR 87-89

T

P
)

w
a.l T
A A
| S I
t
DATE 3/29/86
TEST NO. 210 &
RUN NO. 41
A-A B-8
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | vELOCITY co
NUMBER S {f12) {Hg-mm) {deg F) {SLUG/#13) (ft/s)
4 0478 00401 758 72 002304 116.4 76060

COMMENTS: ROTATES AROUND T, SPINS LIKE A TOP EITHER AS SHOWN OR INVERTED

FIGURE C-41. TEST RECORD FOR FRAGMENT NO. 41

DATE 3/29/86

TEST NO. 210
RUN NO. 42
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY co
NUMBER (Ib) {#2) {Hg-mm) {deg F) (SLUG/1t3) (ft/s)
42 04797 00449 756 72.8 002301 97.1 9851

COMMENTS: ROTATES AROUND T AND L AND CONING

FIGURE C-42. TEST RECORD FOR FRAGMENT NO. 42
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NSWC TR 87-89

w

DATE 3/29/86

TEST NO. 210

RUN NO. 43

A-A B-B
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY cD
NUMBER (Ib) (12} (Hg-mm) (deg F) (SLUG/ 3} {ft/s)
43 0604 00708 7686 74 002295 81 94988

COMMENTS: ROTATES AROUND ALL 3 AXES - CHANGES FROM ONE TO ANOTHER WHEN IT CONTACTS THE

FIGURE C-43. TEST RECORD FOR FRAGMENT NO. 43

e

L
w

8
A
A ls
DATE 3,29/88
TEST NO. 210 Q
RUN NO. 44
UN NO A-A 8B
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY o
NUMBER {Ib) (#2) {Hg-mm) (deg F) (SLUG/13) (ft/9)
44 060567 .00383 766 74 002298 128 72477

COMMENTS: ACTS LIKE FRAGMENT NO. 3 (CUBE) ROTATES AROUND ALL 3

FIGURE C-44. TEST RECORD FOR FRAGMENT NO. 44
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NSWC TR 87-89

= w
A
A

DATE  3/29/85

TEST NO. 210 @ é:g
RUN NO. 46 A =

FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY o
NUMBER (ib) (2] {Hg-mm) deg F) | (SLuG/td) ih/s)
a5 0507 00409 755 74 002298 118.4 79731
COMMENTS: ROTATES AROUND T AND L
FIGURE C-45. TEST RECORD FOR FRAGMENT NO. 45
T / L
B
>, w
L
DATE  3/29/85
TEST NO. 210 Q
RUN NO. 48 8-8
A-A
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER {ib) ) {Hg-mm) (degF) | (SLUG/#Y) (tt/8)
a8 08113 00443 755 74 002298 109.9 83277

COMMENTS: ROTATES AROUND L

FIGURE C-46. TEST RECORD FOR FRAGMENT NO. 46
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NSWC TR 87-89

s w
A
A |e

DATE 3/29/86
TEST NO. 210

RUN NO. 47 A-A

B-B

FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY co

NUMBER {Ib) {12) {Hg-mm) {deg F) (SLUG/113) (#t/3)

47 05131 00439 756 74 002298 108.3 86842

COMMENTS: FLAT SPIN AROUND T, THEN TUMBLES

FIGURE C-47. TEST RECORD FOR FRAGMENT NO. 47

DATE 3/29/86

TEST NO. 210
RUN NO. 48
A-A 8-8
FRAGMENT FWEIGHT AREA PRESS TEMP DENSITY VELOCITY co
NUMBER {Ib) {#2) (Hg-mm) {deg F) {SLUG/ 1%} (ft/9)
48 .05148 00471 758.2 74 .00229¢ 956 1.04352

COMMENTS: ROTATES AROUND T

FIGURE C-48. TEST RECORD FOR FRAGMENT NO. 48

c-27




NSWC TR 87-89

S
DATE  3/29/86
TEST NO. 210 D
RUN NO. 49 w
A-A 8-8
FRAGMENT | WEIGHT AREA PRESS TEMP pensity | velociry co
NUMBER {ib) h?) {Hg-mm) (degF) | (SLUG/1Y) /)
49 0829 00442 758.2 74 .00229¢ 95.8 1.14310

COMMENTS: ROLLS, TUMBLES - ALL AXES

FIGURE C-49. TEST RECORD FOR FRAGMENT NO. 49

c
L

S

7

A
A |8
DATE 3/29/88
AUN NO. 50 A-A 88
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY cb
NUMBER (ib) {h?) {Hg-mm) {deg F) {SLUG/13) (te/s)
80 05454 00442 788.2 75 002291 98.7 1.10877

COMMENTS: ROTATES AROUND T - FLAT SPIN

FIGURE C-50. TEST RECORD FOR FRAGMENT NO. 50
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DATE 4/1/88
TEST NO. 210
RUN NO. E1

NSWC TR 87-89

FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER (ib) {n?) {Hg-mm) (deg F) (SLUG/1) {f2/3)
51 08574 00543 752.8 54 002376 90.6 1.05268

COMMENTS: ROTATES AROUND L AND W AND CONING

FIGURE C-51. TEST RECORD FOR FRAGMENT NO. 51

A B
DATE 4/1/88
TEST NO. 210 ® C:S
RUN NO. 52
A-A B8-B
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER {ib) ) {Hg-mm) {deg F) (SLUG/#Y) (ft/s)
82 08819 00832 782.8 54 002376 87.4 1.18388

COMMENTS: FLAT SPIN

FIGURE C-52. TEST RECORD FOR FRAGMENT NO. 52
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NSWC TR 87-89

DATE 4/1/85

TEST NO. 210
RUN NO. 53
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY cD
NUMBER (b} ) (Hg-mm) {deg F) {SLUG/123) {ft/s)
53 06644 00520 7525 54 002378 109.9 75844

COMMENTS: ROTATES AROUND ALL AXES AND TUMBLES

FIGURE C-53. TEST RECORD FOR FRAGMENT NO. 53

8
AN
DATE  4/1/85
TEST NO. 210 &
AUN NO. 54 : :A.A = "
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | veLociTy o
NUMBER {ib) h?) {Hg-mm) {deg F) | (SLUG/#) t/a)
54 0578 00687 7525 54 002378 81 111177

COMMENTS: FLUTTERS LIKE A FALLING LEAF

FIGURE C-54. TEST RECORD FOR FRAGMENT NO. 54




NSWC TR 87-89
T L
h

/] 2N,
J

DATE 4/1/88

TEST NO. 210 2 w
RUN NO. &8 A =5

FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCQITY cD
NUMBER (ib) (1) {(Hg-mm) (deg F) (SLUG/113) (ft/s)
85 08181 00588 7525 54 002378 1003 87958

COMMENTS: ALL AXES - TUMBLES

FIGURE C-55. TEST RECORD FOR FRAGMENT NO. 55

A B\/
DATE 4/1/88
RUN NO. 868 "

A-A B-8
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY co
NUMBER [{1] () {Hg-mm) (deg F) {SLUG/ 13) (ft's)
-1 08613 00849 752.5 54 002376 90.6 1.02911

COMMENTS: ROTATES AROUND L AND FLOATS MOTIONLESS

FIGURE C-56. TEST RECORD FOR FRAGMENT NO. 56

C.3t




NSWC TR 87-89

2

DATE 4/1/88
TEST NO. 210

A-A s8-8
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER {lb) () {Hg-mm) {deg F) {SLUG/ 1) (#t/9)
8?7 06898 00810 782.8 54 002378 1180 78188

COMMENTS: ROTATES AROUND L AND W AND TUMBLES

FIGURE C-57. TEST RECORD FOR FRAGMENT NO. §7

/77/

w

N

2

DATE 4/1/85

RUN NO. 58
o A- 8.8
FRAGMENT | WEIGHT AREA PRESS TEMP OENSITY | VELOCITY co
NUMBER ) ) {Hg-mm) (deg F) {SLUG/13) {tt/s)
se 0684 00807 752.5 54 002378 90.8 112178

COMMENTS: WITH THE FLAT SIDE DOWN AS SHOWN IN A-A - THE FRAG FLOATS; WITH THE FLAT SIDE UP
{OR ON TOP) THE FRAG DOES A FLAT SPIN

FIGURE C-58. TEST RECORD FOR FRAGMENT NO. 58
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NSWC TR 87-89

g

- * N w
A
]
DATE  4/1/85
TEST NO. 210

RUN NO. 89 Q m

A-A a8
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY co
NUMBER () {t?) {Hg-mm) (deg F) {swua/nd) (te/s)
69 08903 00842 7828 54 002378 938 1.028688

COMMENTS: ROTATES AROUND T AND L AND FLAT SPIN

FIGURE C-59. TEST RECORD FOR FRAGMENT NO. 59

Ale
¢ DATE 4/1/88
TEST NO. 210 a
. 60 A-A

. RUN NO -

FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY P

NUMBER {ib) ] {Hg-mm) {deg F) {SLUG /) ft/s}

6o 08918 00807 7525 54 002376 1131 8978

COMMENTS: ROTATES AROUND T - FLAT SPIN

FIG'JRE C-60. TEST RECORD FOR FRAGMENT NO. 60




DATE 4/1/88

NSWC TR 87-89

TEST NO. 210
RUN NO. 81 AN Qﬁ
AA 88
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER {ib) {h) {Hg-mm) {deg F) {SLUG/ #13) /)
61 08983 .00Me 7528 88 002372 922 96319
COMMENTS: ROTATES AROUND ALL 3 AXES AND FLAT
FIGURE C-61. TEST RECORD FOR FRAGMENT NO. 61
T L
/ %
B
A N\
DATE 4/1/88
TEST NO. 210
RUN NO. 62 AR 5.8
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER {Ib) (h?) (Mg-mm) (deg F) {SLUG~ tt3) (- s)
62 0899 00897 752.5 55 002372 116.4 72884

COMMENTS: ROTATES AROUND L AND GOOD TUMBLE

FIGURE C-62. TEST RECORD FOR FRAGMENT NO. 62
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NSWC TR 87-89

VA4 S—
7

DATE 4/1/88

TEST NO. 210 @ C_":ﬁ
RUN NO. 63 =

AA

FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBRER tth) () {Hg-rmm) {deg F) {SLUG/ 1) {h/3)
(1) 07013 .00843 7828 1] 002372 1038 88847

COMMENTS: FLAT SPIN OR TUMBLE

FIGURE C-63. TEST RECORD FOR FRAGMENT NO. €3

/

TEST NO. 210

R .
UN NO. 64 8.8

FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY co
NUMBER {Ib) (1) {Hg-mm) (deg F) ISLUG/113) {fi/s)
(1) .07073 00797 7525 55 .002372 92.2 88024

COMMENTS: WILL FLOAT OR TUMBLE

FIGURE C-64. TEST RECORD FOR FRAGMENT NO. 64




NSWC TR 87-89

L
U, +* = w
A
A B
DATE 4/1.86 .
TEST NO. 210 Q Q
RUN NJ. 65 ’ - -
~-A ' BB

FAAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY | co

NJMBER {Ib) (f12) {Hg-mm) {deg F) (SLUG/113) i/s)
|5 07214 00652 752.6 13 002372 BRLE 86144

COMMENTS: WILL FLCAT MOTIONLESS OR TUMBLE

FIGURE C-65. TEST RECORD FOR FRAGMENT NO. 65

DATE 4/1/88

TEST NO. 210 Q Q
RUN NO. 66 AA 8.8
FRAGMENT | WEIGHT AREA PRESS TEMP | DENSITY | VELOCITY o
NUMBER ('b) (#12) (Hg-mm) | (degF) | (SLUG/#R) | (f/s)
6 07423 00588 762.8 56 002367 100.3 1.08031

COMMENTS: FLOAT - SLOW OR NO ROTATION AROUND THE T AXIS

FIGURE C-€6. TEST RECORD FOR FRAGMENT NO. 66
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NSWC TR 87-89

DATE 4,1/85

TEST NO. 21u
RUN NO. 67
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY cp
NUMBER {Ib) (f12) (Hg-mm) (deg F) {SLUG/1t3) (ft/s)
67 .07599 .0067382 752.5 66 .002367 101.9 91769

COMMENTS: FLAT SPiN OR WILL FLOAT

FIGURE C-67. TEST RECORD FOR FRAGMENT NO. 67

DATE 4/1/85

RUN NO. 68 A-A

8.-B
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY cD
NUMBER {ib) (12) {Hg-mm) {deg F) {SLUG/113) ft/s)
68 07827 .00596 752.3 58 .002357 108.9 82417

COMMENTS: WILL FLOAT MOTIONLESS OR GO INTO A FLAT SPIN

FIGURE C-68. TEST RECORD FOR FRAGMENT NO. 68




NSWC TR 87-89

DATE 4/1/88

TEST NO. 210 & Ci_)
RUN NO. 69 - -

A-A B-B
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY co
NUMBER {Ib) () (Hg-mm) (deg F) {SLUG/113) (ft/s)
e9 07948 00839 752.3 68 002387 109.9 87362

COMMENTS: WILL TUMBLE AND CONING AROUND L AXIS

FIGURE C-69. TEST RECORD FOR FRAGMENT NO. 69

a
A B

DATE  4/1/885
TEST NO. 210 &
AUN NO. 70 :

N A-A 2.8
FRAGMENT | WEIGHT AREA PRESS | TEMP DENSITY | VELOCITY co

NUMBER ) #12) {Hg-mm) dag B} | (sLua/mdy | (#ss)

70 08017 00621 762.3 58 002357 135.8 7101

COMMENTS: ROTATES AROUND L AXIS AND TUMBLES

FIGURE C-70. TEST RECORD FOR FRAGMENT NO. 70
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NSWC TR 87-89

DATE 4/1/86

TEST NO. 210 m
RUN NO. 71 A-A B-B

FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY cb
NUMBER (1b) {f12) {Hg-mm) {deg F) {SLUG/t3) (ft/3)
n 08691 .00800 752.3 68 002367 971 97771

COMMENTS: ROTATES AROUND L AXIS AND CONING

FIGURE C-71. TEST RECORD FOR FRAGMENT NO. 71

T L
* s w
A
8
DATE  4/1/86 A
TEST NO. 210
RUN NO. 72 éb w
A-A 8-8
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY o
NUMBER (1b) (#2) (Hg-mm) (deg F) | (BLUG/#3) |  (#t/s)
72 .0931 100876 7852.3 88 002387 98.7 92872

COMMENTS: FLOATS MOTIONLESS, ROTATES AROUND L AXIS AND TUMBLES

FIGURE C-72. TEST RECORD FOR FRAGMENT NO. 72
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<P

5

* 8
A
A B8
DATE 4/1/85
TEST NO. 210

A-A 8-B

FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER {Ib) () {Hg-mm) deg F) | (StuG/ 1) (tt/s)
73 09363 .00738 762.2 57 002362 13.1 83981
COMMENTS: FLAT SPIN AND FLOATS MOTIONLESS
FIGURE C-73. TEST RECORD FOR FRAGMENT NO. 73
T L
* 5 S w
A
A 8
DATE  4/1/86
TEST NO. 210
RUN NO. 74
A-A 8.8
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY o
NUMBER {Ib) {H2) {Hg-mm) deg F) | (StuG/113) 1/8)
74 08371 .00701 782.2 57 002382 14.7 86038

COMMENTS: ROTATES AROUND L AND WILL TUMBLE

FIGURE C-74. TEST RECORD FOR FRAGMENT NO. 74
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DATE 4/1/88

TEST NO. 210
RUNNO. 75
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY co
NUMBER {Ib) {ft2) {(Hg-mm) {deg F) (SLUG/1t3) (ft/s)
75 0956 .00764 752.2 57 002362 103.8 98806

COMMENTS: LITTLE BIT OF EVERYTHING - ROLL, TUMBLE, CONE

FIGURE C-75. TEST RECORD FOR FRAGMENT NO. 75

DATE 4/1/86 A 8
TEST NO. 210 <:3 <:>.

. 76
RUN NO A-A 8.8
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY co
NUMBER (Ib) (2) (Hg-mm) (deg F) (SLUG/113) {ft/s)
76 10188 00782 7514 60 002382 1131 84168

COMMENTS: ROTATES AND TUMBLES IN ALL DIRECTIONS

FIGURE C-76. TEST RECORD FOR FRAGMENT NO. 76
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c
%é

TEST NO. 210
AUN NO. 77 A-A 8-8
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | vELoCITY o
NUMBER (1b) () (Hg-mm) wegF) | 1stuG/ed | (tvs)
7 10273 .00810 751.4 50 002392 0.8 1.20181
COMMENTS: FLAT SPIN (LIKE A PROPELLER) WiLL ROTATE AROUND THE L AXIS ALSO

FIGURE C-77. TEST RECORD FOR FRAGMENT NO. 77

DATE 4/1/85

D

C

A

a 8/

v

w

@C\K

TEST NO. 210
RUN NO. 78
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY
NUMBER {Ib} (1?) (Hg-mm) (dag F) {SLUG/#3) {ft/s}
78 10887 00899 751.4 50 002392 108.7 8963

COMMENTS: ROTATES AROUND ALL 3 AXES AND CONING

FIGURE C-78. TEST RECORD FOR FRAGMENT NO. 78
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A I
DATE  4/1/85 A
TEST NO. 210

O, 5

B-B
RUN NO. 79
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY co
NUMBER (ib) (f12) {(Hg-mm} {deg F} (SLUG/#13) (ft/3)
79 11098 00901 751 54 002372 89 1.31092

COMMENTS: FLAT SPIN AROUND T

FIGURE C-79. TEST RECORD FOR FRAGMENT NO. 79

DATE 4/1/85%

Y N v

TEST NO. 210
RUN NO. 80 A-A B8-8
FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY co
NUMBER {ib) {1?) (Hg-mm) (dey F} {SLUG/113) {ft/s)
80 RAR! .00880 751 54 002372 108.7 95880

COMMENTS: ROTATES AROUND LAND T

FIGURE C-80. TEST RECORD FOR FRAGMENT NO. 80
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H

A7

L
w
8
TEST NO. 210
8.8

RUN NO. 81 A-A

FRAGMENMT | weIGHT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER (i) (1) (Hg-mm) {deg F) {SLUG/#t3) /s
81 A1174 ooe3e | st 54 002372 108.7 99227

COMMENTS: FLAT SPIN AROUND T

FIGURE C-81. TEST RECORD FOR FRAGMENT NO. 81

~
Z

/,p
A
A
DATE 4/1/88
TEST NO. 210

RUN NO. 82
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY co
NUMBER {Ib) (1) (Hg-mm) (deg F) {8LUG/#13) (tt/s)
82 11487 00783 750.8 84 002370 126.0 81188

COMMENTS: TUMBLES AROUND ALL AXES

FIGURE C-82. TEST RECORD FOR FRAGMENT NO. 82
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DATE  4/1/85 A
TEST NO. 210
RUNNO. 83 AA -

FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY o

NUMBER (i) (e3) (Hg-mm) deg B) | swasndh | s

83 1191 00879 7508 ' 002370 113.4 89388

COMMENTS: ROTATES ARQUND L AND TUMBLES

FIGURE C-83. TEST RECORD FOR FRAGMENT NO. 83

DATE 4/1/85%

L
B
/ w
A-A
Ag

TESTNO. 210 v/
RUN NO. B4

8-8

FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY co
NUMBER {Ib) (12) (Hg-mm) (deg F) {8LUG/ ) (t/8)
84 123768 00976 780.8 54 002370 103.8 99924

COMMENTS: LOOKED LIKE A FLOATING LEAF TO START AND THEN WENT INTO A FLAT SPIN

FIGURE C-84. TEST RECORD FOR FRAGMENT NO. 84
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DATE 4/1,/88

TESTNO. 210
RUN NO. B85
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY cD
NUMBER (ib) {12) (Hg-mm) {deg F) {SLUG/#3) (ft/s)
88 2 0139409 780.8 83 .002378 1228 92872

COMMENTS: ROTATES AROUND L AND A FLAT SPIN

*FRAGMENT INFORMATION FOR NUMBERS 85 THRU 96 WAS TAKEN FROM TABLE A-2

FIGURE C-85. TEST RECORD FOR FRAGMENT NO. 85

DATE 4/1/86

TESTNO. 210
RUN NO. &6
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY VELOCITY co
NUMBER {ib) ) {(Hg-mm) (deg F) {SLUG/113) (ft/s)
8s 23883 0170312 750.5 53 002378 971 1.23674

COMMENTS: FLAT SPIN AND WOULD ALSO FLOAT MOTIONLESS

FIGURE C-86. TEST RECORD FOR FRAGMENT NO. 86
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DATE 4/1/88

TEST NO. 210
RUN NO. 87
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY ®
NUMBER {ib) (#?) {Hg-mm) {deg F) {SLUG/19) h/e)
87 25708 0173281 7808 53 002378 13 7082

COMMENTS: TUMBLES AND FLAY SPIN AROUND T

FIGURE C-87. TEST RECORD FOR FRAGMENT NO. 87

J)

DATE 4/1/65

TEST NO. 210
RUN NO. 88
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY cD
NUMBER (b} () {Hg-mm) {deg F} (SLUG/113) t/s)
88 28189 019818 750.5 54 002370 139 94794

COMMENTS: FLAT SPIN AROUND T

FIGURE C-88. TEST RECORD FOR FRAGMENT NO. 88
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A-A
DATE 4188 A a
TESTNO 200
RUNNO 80 P
FRAGMENT | WEKGHT AREA PRESS TEMP DENSITY | VELOCITY cD
UNAER o~ tt) {Hg-mm) (deg F) (SLUG/ 1) (1t/8)
» 20083 01N2s 7508 7 002370 181.7 80084
COMMENTS ROTATES AROUND T AND L
FIGURE C-89. TEST RECORD FOR FRAGMENT NO. 89
T 7( L
;/«f >
A-A
A T
DATE 4/1/86
TEST NO. 210 B
A
RUN NO. 80 8-8
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER (b} () {Hg-mm} (deg F) {SLUG/113) tt/s)
80 .2868 0133182 750.5 84 002370 151.7 78929

COMMENTS: SPIN AROUND T AND TUMBLES

FIGURE C-90. TEST RECORD FOR FRAGMENT NO. 90
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T L
B
* w
A-A
OATE 4/1/85 A
TEST NO. 210 B
RUN NO. 91 A
8.8
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY cD
NUMBER {ib) ) {Hg-mm) {deg F) {SLuG/#13) tt/9)
91 .2908 0183263 750.0 B4 002369 1184 98873
COMMENTS: FLAT SPIN AND FLOATS MOTIONLESS
FIGURE C-91. TEST RECORD FOR FRAGMENT NO. 91
("- !
/\ B)
* —/w
A ( &
A-A
DATE 4/1/8% B /
TEST NO. 210 A
AUN NO. 92 8-8
FRAGMENT | WEIGHT | AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER (1) (#2) {Hg-mm) (deg F) {SLUG/ 1Y) ft/3)
92 .39476 0267458 780.0 54 002388 938 1.41624

COMMENTS: GOOD FLAT SPIN AROUND T

FIGURE C-92. TEST RECORD FOR FRAGMENT NO. 92
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T

AA
T

DATE  4/1/85 °/

TEST NO. 210

AUN NO. 83 .

8-
FRAGMENT WEIGHT AREA PRESS TEMP DENSITY VELOCITY cD
NUMBER (1b) (12) {Hg-mm) {deg F) (SLUG/113) {#/s)
83 A497 0283708 760 54 002368 119.6 1.00847

COMMENTS: ROTATES AROGUND T

FIGURE C-93. TEST RECORD FOR FRAGMENT NO. 93

T %
A
B
A v
DATE 4/1/88
TEST NO. 210
RUN NO. 54
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY cb
NUMBER {Ib) {#2) {Hg-mm}) {deg F) {SLUG/113) (tt/s)
-7 46831 .0201888 750 54 .002369 138.9 1.01502
)

COMMENTS: ROTATES ANY DIRECTION AND TUMBLES

FIGURE C-94. TEST RECORD FOR FRAGMENT NO. 94
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DATE 4/1/88

3

A-A

NOT TO SCALE
SIDE VIEW

TEST NO. 210
RUN NO. 9§
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER (ib) (112) (Hg-mm) {deg BV SLUG/13) (/%)
L 95 222787 | 0440173 750.0 54 002369 293.2 49708
COMMENTS: THIS FRAGMENT WOULD FLOAT MOTIONLESS
FIGURE C-95. TEST RECORD FOR FRAGMENT NO. 95
T L
B
*
A-A
A
DATE a1 88 /
TEST NO. 210
RUN NO. 96 A B B.B
FRAGMENT | WEIGHT AREA PRESS TEMP DENSITY | VELOCITY co
NUMBER {ib) (1) (Kg-mm) (deg F) (S\UG/ 1Y) 1t/9)
98 334478 | 0714333 750 54 002369 200 98827

COMMENTS: ROTATES AROUND T AXIS

FIGURE C-96. TEST RECORD FOR FRAGMENT NO. 96
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APF'ENDIXD
CATEGORIES OF FRAGMENT MOTION
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The fragment motions in the wind tunnel given in the COMMENTS of test records of Appendix C were
divided in eight categories in an attempt at further correlation with the drag coefficients. The eight
categories together with their associated fragment s are given in Figures D-1 through D-8.

The eight categories are listed as follows:

Random Tumbling,

Floats Motionless,

Flat Rotation,

Rotates about L & T axes,
. Rotates about L & W axes,
. Rotates around T axis,

. Rotates around the L axes,
. Coning

® DO

The L, W and T axes ure those given in the test records of Appendix C. When two axes are given for the
motion, the fragments will rotate about either at different times. The difference between flat rotation and
rotates around the T axis is that rotation around the T axis involves much more wobble than flat rotation.
Flat rotation is also about the T axis.

Coning can be explained by imagining a thin rod held fixed at its center. One end of the rod is then moved
to describe a circle such that the half rod length sweeps out a cone with apex at the fixed center. As a result
the other half of the rod also sweeps out a cone with its apex also at the fixed center. Viewed from the side, it
would appear to be something like a bow tie.

Below each fragment plan view, there are two numbers. The first is the fragment number given in
Appendix C; second, in parenthesis, is the low subsonic drag coefficient obtained from the vertical wind
tunnel tests.

This appendix, together with Appendixes A, B and C give a good idea of both the shape and size of ihe
fragments.
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FIGURE D-1. RANDOM TUMBLING
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FIGURE D-1. RANDOM TUMBLING (Continued)
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FIGURE D-2. FLOATS MOTIONLESS
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FIGLRE D-3. FLAT ROTATION
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FIGURE D-4. ROTATES ABOUT THE L AND T AXIS
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FIGURE D-6. ROTATES AROUND THE T-AXIS
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FIGURE D-8. ROTATES AROUND THE T-AXIS (Continued)
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FIGURE D-7. ROTATES AROUND THE L-AXIS
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FIGURE D-8. CONING
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